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THE close but undefined association 
etTween cirrhosis of the liver and a spe- 
ifie cerebral degeneration in the disease 
lepato-le nticular degeneration has excited 
ontinued interest since attention was first 
Kinnier Wilson*®’ in 1912. 


Che hepatic cirrhosis of this disease indi- 


lrawn to it by 


ates the possible presence of a metabolic 
fault, elucidation of which would undoubt- 
dly lead the way to a better understand- 
ng of more than one tvpe of chronic de- 
eneration of the brain. Despite many 
nvestigations, the nature of the nova in 
Wilson’s disease has remained unknown. 
whether the 


t is not even determined 


rain is damaged by some substance 
rroduced by the damaged liver, or if both 
rain and liver suffer from the same agent. 

The offers 


erived from a type of case which appears 


present report evidence 
rucial to the point of issue, namely a well 
efined but mild example of the disease 
Since this 


chronic “pseudosclerotic”’ type of the 


vithout obvious liver damage. 


usease 1S not generally recognized and 


* Now 


L. 2 N f JUNE. 19048 


since investigators of hepatic disorder may 
also wish to take advantage of its char- 
acteristics, it is necessary first to describe 
in some detail its place in the whole group 
of disorders that comprise hepato-lenticu- 
lar degeneration. For more detailed dis- 
cussion of the other aspects of the disease 
the reader is referred to a recent review by 
one of us.° 
Hepato-lenticular 
familial disease, affecting nearly all the 
siblings in one generation, and doubtfully 
if ever giving evidence of either cerebral 
or hepatic disorder in the preceding gen- 
eration. It usually develops in adolescence, 


degeneration is a 


and the earliest reported case began at the 
It is thus clearly demar- 
cated from erythroblastosis fetalis and 
kernicterus. Recent studies on some of 
our cases failed to show any clear relation- 
ship to Rh incompatability. It is a progres- 
sive disease, but often intermittently so. 
The hepatic cirrhosis may be frank and 
persist 


age of 4 years. 


long before nervous symptoms 


arise. Indeed some succumb to the cir- 
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rhosis without ever developing the neuro- 
logical disorder, and in such cases the 
disease has been identified only by its 
complete development in siblings. In 
most patients with the fully developed 
disease the cirrhosis has not given rise to 
other than doubtful digestive symptoms. 
In the analysis of the literature by André, 
of 145 cases verified by the presence of 
Kayser-Fleischer ring or by proven family 
history, 110 fell into this group of “latent” 
cirrhosis. In 27 cases in this series (18.5%) 
the hepatic symptomatology had been 
intensely manifested, and in 7 cases (5%) 
the hepatic illness had occurred without 
neurological disorder. Only the case of 
Wimmer? presented neurological symp- 
toms without either macroscopic or micro- 
scopic evidence of cirrhosis at autopsy. 
\ndré' further accepts the cases of Eicke'® 
and of Froelich and Harbitz,! however, 
as Instances of absence of cirrhosis in the 
presence of cerebral lesions, though the 
diagnostic criteria had excluded them from 
the larger group analyzed above. Thus the 
association of hepatic cirrhosis and cere- 
bral lesions, though close and numerically 
frequent, is not absolute. 

Attempts to demonstrate histological 
changes in the brain in association with 
more common types of cirrhosis have been 
unsuccessful in the experience of the 
Hursts'® and others. Only Schaltenbrand?? 
and Scherer®® found glial cells resembling 
those of hepato-lenticular degeneration. 
Damage to the liver, experimentally pro- 
duced, was found to be associated with 
lesions of the central nervous system by 
some investigators?’ but the type of 
damage was unspecific. In its mildest 
form the change in the central nervous 
system in established hepato-lenticular 
degeneration is also unfortunately non- 
specific, for the distinctive giant glial cells 
of Alzheimer are then not present. The 
changes found in the liver in Wilson’s 
disease have been greatly varied, as has 
been the associated hepatic history. A 
mild chronic lobular cirrhosis of Laennec 
type (classified as subacute yellow atrophy 
by some) is commonly found, and only a 


minority present early and severe evi 
dence of portal obstruction. There is 
great variation in the size of regenerated 
nodules. Four cases are reported in whom 
the spleen had been removed under thi 
impression that the condition was Banti’s 
disease and another such case has recently, 
been seen by us. Recurrent episodes of 
digestive disorder may long precede the 
onset of nervous symptoms, and in som 
such episodes mild jaundice occurs 
Liithy** has commented that such clinical 
evidence of hepatic disorder in the 
“hepatic stage’’ frequently lessens or dis- 
appears with the onset of neurological 
symptoms. We have not found this in 
cases personally observed. 

The nervous symptoms also present 
great variation from family to familys 
The development of severe immobilization 
and disability owing to extrapyramidal 
rigidity, and distortion of posture, with 
or without tremor, appearing in adoles- 
cence is relatively well-known following 
the excellent description by Wilson.** Such 
extreme disability, with the peculiar 
“fatuous smile,”’ can scarcely be mistaken 
for any of the more common nervous dis- 
eases. There have been very few reports 
in English of another variety with remark- 
ably different clinical aspect, namel) 
““pseudosclerosis,” which is commonly mis- 
taken for multiple sclerosis or  post- 
encephalitic Parkinsonism. This variety) 
has been frequently reported in the 
German literature, reviewed by Hall" and 
Liithy.2* An unusual type of tremor 
may be its sole neurologic sign. Whereas 
“progressive lenticular degeneration” as 
described by Wilson** appears in adoles- 
cence and progresses to a fatal termination 
in a period of months or perhaps 1 or 2 
years, the “pseudosclerosis”’ of Westphal,* 
Striimpell,®* and Fleischer" appears at any 
time from the second to the fourth decade 
and commonly runs a chronic course of 
many years in duration. In distinction 
from the gross cavitation in the brain of 
Wilson’s cases, “pseudosclerosis” is often 
associated with no change visible to the 
naked eye, and only a peculiar disorder of 


Il 
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the glia has been regularly demonstrated 
microscopically. The identity of the two 
syndromes was, however, firmly establish- 
ed by Hall'* who first proposed the name 
‘“‘hepato-lenticular degeneration” to cover 
both varieties. The very characteristic 
the cornea (‘‘Kayser- 
Fleischer Ring’) has been present in all 


pigmentation of 


cases of the pseudosclerotic variety, but in 
only about 60% of “progressive lenticular 
It has not been found in 
other condition. 


degeneration.” 
any Its absence in any 
given case may, therefore, be related to 
brevity of the total duration of the illness. 
Strict the 
and family history is 


scrutiny of neurologic and 


pathologic data 

then necessary to establish the disease. 
The between the different 

types of the disease have a fairly close 


differences 


but not absolute relationship to its rate 
of evolution. Thus fulminant examples 
reaching extreme degrees of hepatic and 
nervous disintegration in the course of 
one! to several months have been recorded 
children, Liithy’s*4 
Case 2 of pseudosclerosis had the tremor 
As in many other familial 
diseases, the type and course of the disease 
within 


in young whereas 


for 43 years. 


remains relatively constant any 
particular family. 

The tremor, which may be the only 
the 


sclerotic variety of the disease, presents a 


neurologic symptom of pseudo- 
very characteristic flapping movement of 
the outstretched hands, which are alter- 
nately flexed and extended at the wrists 
“wing-flapping’’) of 3 to 5 beats a second. 
\t times the whole arm beats up and down 
from the shoulder (the “swimming” move- 
ment of Striimpell). Some patients have 

the shoulder movement, some 
The tremor seldom involves the 


none of 
more. 

elbow joint, and only at times or in a late 
Individual 
digits then may beat separately. At first, 
and in some for the whole course of the 
disease, the upper limbs are alone affected 
by the tremor. From the beginning the 
tremor is increased by voluntary move- 


do the fingers beat. 


Stage 


ment, as is that of cerebellar incoérdina- 
tion, and the patient complains primarily 
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of difficulty in bringing a fork or glass of 
water to the mouth. When there is emo- 
tional the upper limbs show a 
rhythmical tremor at rest, but the tremor 
is more easily abolished by complete relax- 
ation than is that of Parkinsonism. The 
tremor has the same characteristics in 
both types of the disease, but in the pro- 
gressive lenticular type a resting tremor of 
Parkinsonian type is added in later stages. 


stress 


The occurrence alone of action tremor, 
beginning in the 3rd or 4th decade of life, 
is the characteristic feature of the chronic 
We have dis- 
cussed the pathogenesis of the tremor else- 
where,® pointing out that its cerebellar 
character indicates that it more probably 
results from the degenerative changes in 
the dentate and red nuclei almost con- 
stantly present, rather than from the 
lesion of the basal ganglia. Dysarthria is 
also commonly reported. 

We have described these peculiarities of 
the disease at some length, because the 


form of pseudosclerosis. 


family reported here is one of 2 brothers 
who show the late and milder pseudo- 
sclerotic form of the disease. The action 
tremor of the arms, the titubation of the 
head and trunk, and the ataxic gait would 
pass for a condition of cerebellar atrophy, 
of late familial type, were it not that the 
tremor is predominantly in the hands. 
Both brothers present an unusually well 
developed orange-green Kayser-Fleischer 
ring. 

Laboratory tests designed to demon- 
strate the presence of the liver disorder in 
hepato-lenticular degeneration have given 
equivocal results. André! made a 
detailed analysis of the findings in 147 
reported cases. The older laboratory tests 
for hepatic function such as levulose toler- 


has 


ance, galatose tolerance, tests for bile salts 
and for bilirubinemia have been frequently 
reported negative in cases of hepato- 
lenticular degeneration. ‘Urobilin and uro- 
bilinogen has often been found in the 
urine but not in at least 7 authentic cases. 
As might be suspected from the usual 
intermittent the the 
results of tests have fluctuated and have 


course of disease 


a en ule quivocal evidence only when 
severe hepatic dy sfunction has been obvi- 
ous from clinical data. Sweet, Gray, and 
\llen* found that the serum colloidal gold 
reaction of Allen’ was sensitive enough to 
give a positive reaction on the absence of 
hepatic Symptoms. In this clinic Hom- 
burger and Kozol’ recently reported com- 
parative tests by newer techniques on 2 
families under our observation. The 
cephalin-flocculation test of Hanger gave 
the most constantly positive results, but 
considerable fluctuation was present, even 
in a patient with a chronic pseudosclerotic 
form of the disease beginning at the age of 
OU vears That the presence of severe liver 
damage in any form could be associated 
with a positive result renders such tests 
non-spet ific 

In recent years it has been established 
that disequilibrium in amino-acid metabo- 
lism, particularly a deficiency of cystein, or 
lack 


fine lobular cirrhosis in animals. It is 


f balance of choline may lead to a 


therefore of interest to inquire into the 
relationship of amino-acid metabolism to 
the cirrhosis of Wilson’s disease. Un- 
fortunately severe hepatic damage of an) 
kind also disturbs amino-acid metabolism, 
so that, in order to determine whether any 
disorder that is found is primary or sec- 
ondary, it would be necessary to establish 
the presence of disorder before the hepatic 
disease commenced. This could be done in 
a youngel member of a known family, 
and liability of the patient established by 
follow-up. A more rapid method is to test 
a patient suffering from a very chronic 
form of the disease with minimal liver 
disorder. The patient described below 
appears to fulfill these latter requirements 
satisfactorily. 


Case Report. J.G., a 34 year old married 
Italian former truck-driver was admitted to 
the Neurological Service of the Boston City 
Hospital on March 4, 1947, with the chief 
complaints of shaking of extremities and 
trunk, and difficulties of speech of 34 years’ 
duration. The disease had begun insidiously 
at a time when the patient was about 29 
years old, first manifesting itself as a tremor 
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of his out-stretched arms, disappearing dur- 
ing rest and accentuated by any purposeful 
movement. The tremor gradually worsened 
until, about 2 years ago, it began to inter- 
fere with his work, so that he had to give 
up driving trucks. At about this time a 
tremor of the head and unsteadiness of the 
trunk also made their appearance. One year 
prior to admission, speech became noticeably 
altered. A gross tremor of the shoulders 
gradually developed so that 4 months before 
admission shaving and feeding himself had 
become quite impossible. In spite of the 
marked disability in the upper extremities 
he had found no difficulty in walking, while 
a slight tremor of the legs only became evi- 
dent when the patient tried to step onto a 
chair. There had never been any headaches, 
vertigo, nausea, vomiting or localized weak- 
ness. 

The patient had developed a cataract in 
the left eye during adolescence dating from 
some unremembered and doubtful injury in 
early childhood. This had eventually pro- 
gressed to complete amaurosis in the left eye. 
His general health had been very good. The 
patient had always had a hearty appetite, 
had never suffered from any form of indiges- 
tion, nor had he ever been jaundiced. Melena 
and bloody stools were denied. There was a 
very moderate intake of Italian red wine, 
and the dietary history was essentially 
negative. 

Family History. Inquiries regarding the 
family history disclosed that the patient’s 
brother, 37 years old at present, had been 
suffering for the past 10 years from an 
identical tremor. This fact was fully con- 
firmed on examining the patient’s brother, 
who showed the same coarse, flapping tremor 
of the arms accentuated by movement, 
tremor of the head and trunk, the slurred- 
scanning speech and the classical Kayser- 
Fleischer rings of pigment in the outer part 
of the cornea of both eyes. He had also 
developed mild mental deterioration and was 
having frequent tonic generalized seizures. 

The grandparents of the two brothers had 
died in Italy and information concerning 
them was not available. Their mother had 
died in her early thirties in Italy in 1918 of 
“Spanish Influenza.”” The patient’s father, 
aged 68, was alive and quite healthy. The 
family consisted of 5 siblings 1 of whom had 
died in infancy, presumably of pneumonia. 
Of these siblings still living, the eldest had 


d 
4 
| 
I} 
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demonstrated signs of a neurologic disease 
at the age of 27, as mentioned previously. 
He is unmarried. Two, both females, aged 
31 and 35 years were healthy, had 
married, and possessed healthy children. The 
5th is our patient who developed symptoms 
at the age of 30 years. The patient’s father 
had remarried and had 2 healthy offspring, 
aged 26 and 27 respectively, from this second 
The patient himself had 3 healthy 
children, 2 sons and 1 daughter. The young- 
est of these, however, was jaundiced at birth 


about 


marriage 
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and in reflected light there was a slizht green- 
ish tinge. The Kayser-Fleischer rings wer 
even more fully developed in the brother, and 
were in him remarkable, for the presence of 
a slight arcus senilis revealed clearly that the 
Kayser-Fleischer ring was much more deeply 


situated (Fig. 1). It is well known from 
histologie studies that the ring is in faet 
in Descemet’s membrane lining the inner 


aspect of the cornea. In this patient also 
there was a zone of dark brown pigmentation 
just over 1 mm. the 


broad on sclerotic, 


due to Rh incompatibility. surrounding the limbus (Fig. 1). This is 
lic. 1 Photog raph of the eye of the elder brother of the patient to show the Kayser-] leischer ring 
f pigmentation which appears here as a broad zone of diffuse haze around the outer cornea, obscuring 


he iris. T 


ere is also a zone of brown pigmentation on the conjunctiva just bordering the corneo-scleral 


tion. The patient himself had a similar corneal ring but it was not so well developed, and was more 


ificult to photograph. 


Physical Examination. The general phys- 
ical examination of the patient disclosed 
a well-nourished, well-developed male in no 
acute discomfort. The pulse rate was 76, 
respirations 18 per minute, temperature 
98.6° F., with a blood pressure of 138/92/mm. 
The left eye showed an opacity of the lens 
dating from an injury in childhood, pallor of 
the optic nerve and almost complete amauro- 
sis on that side. The cornea in both eyes 
showed a zone, about 3 mm. wide, of brown 
pigmentation in the periphery. The ring of 
pigmentation was complete and was most 
near the limbus and faded into a 
smoky haze towards the center of the cornea. 
In transmitted light its color was dark brown, 


dense 


extremely unusual. The complexion was 
dark and sallow but there was no other 
unusual pigmentation in either brother. 
The cardiovascular system was negative. 
The liver of our patient was just palpable at 
the costal margin and presented a hard, 
smooth, non-tender edge. The spleen was 
not enlarged. No evidence of collateral 
venous circulation was found on the abdo- 
men. There were no spider angiomata. No 
hemorrhoids were detected, and there was 
no ascites or edema. Jaundice was not 
present. 

Neurologic Examination. The right pupil 
reacted normally to light and on accom- 
modation. The left eye showed an am- 
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blyopie exophoria, and the left pupil 
reacted very sluggishly only on illuminating 
the iris from the periphery. There was no 
nystagmus. There was no tremor of the 
palate or tongue, but speech was slightly 
slurred and scanning in character. Otherwise 
the cranial nerves were negative. The motor 
power was intact throughout. There was a 


hands which flapped in coarse alternating 
flexion-extension at the wrists (Fig. 2). The 
tremor would fluctuate in amplitude some- 
times appearing in one or the other hand, 
sometimes both. The more intense the 
tremor the more the two hands tended to 
beat in time, but often they alternated in 
similar rhythm of about three beats a second 


Fig. 2. Fie. 3. 
Fics. 2 and 3.— Photographs of the patient to show the flapping tremor of the hands (Fig. 2) and of 
the shoulders (Fig. 3). From a cinematograph film with intervals of ,', second between each of the 
series. 


coarse rhythmic tremor of the head in both 
the antero-posterior and lateral planes, which 
was transmitted to the upper part of the 
trunk when unsupported, and which disap- 
peared at rest. 

When the patient lay with all parts of the 
body supported there was no tremor in any 
part. If the arms were outstretched, a 
rhythmical coarse tremor would begin in the 


With any sustained or extra effort one or 
both arms would oscillate up and down at the 
shoulder (Fig. 3) in the same rhythm. With 
this the head would often begin to titubate 
more violently, so that with any severe 
exertion or emotional upset the whole upper 
part of the body would undergo violent oscil- 
lation. Electromyographic studies revealed 
that there was no muscular activity at rest, 


i 
wet 
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und that whatever muscular group in the 
ipper limbs was activated the discharge of 
action currents soon broke into rhythmical 
ursts. The rhythm was more fully and more 
rapidly developed in the deltoids and forearm 
muscles but was also shown in biceps and 
triceps (ntagonists did not enter contrac- 
on except in synergic activity and their 
hythm then alternated with that of the 
pposing muscle. 
The tremor became more severe in the 
irse of any movement. The finger-to-nose 
test was usually terminated by the patient 
slapping his face. Alternating movements 
ere very poorly performed. The trunk 
ifested slight titubation. The legs 
ved very slight action tremor on per- 
orming the heel-to-shin toe-to-object 
tests. The gait was normal except for slight 
titubation and a slight hesitation in turning. 
rhe biceps, triceps and radial reflexes were 
esent and equal, as were the abdominal 
ind eremasteric reflexes. The knee and 
inkle jerks were also normal. The plantar 
responses were both flexor. No sensory loss 
any kind could be demonstrated. Vibra- 
tion and position sense were unimpaired. 
Laboratory Studies. Examination of the 
slood showed a red-cell count of 4.97 million, 
of 100‘ white-cell count of 
7500 with a normal differential count. The 
irinalysis showed no sugar, acetone or 
en, and the sediment was negative. 
{ marked amino-aciduria was, however, 
oted and this will be discussed in detail 


The blood N.P.N. was found to be 36 mg. 
per 100 ec., and the fasting blood sugar was 
stimated as 110 mg. per 100 ce. The blood 
Hinton was reported as negative. Roentgen 
iv examination of the skull, chest and 
bdomen revealed no abnormality. Lumbar 
puncture disclosed a clear, colorless fluid 
ith an initial pressure of 110 mm. water, 
contained no cells, had a total protein of 
37 mg. per 100 ce., negative Davies-Hinton 
ind Wassermann tests, and the gold-sol 
curve was flat. Liver function tests disclosed 


the following Cephalin flocculation: + 
technique of Hanger normal response + to 

prothrombin time (according to the 
method of Quick®) 100%; ieterie index: 3-4; 
serum bilirubin, prompt, direct 0.06 mg. % 
total 0.36 mg. ‘7; sulfobromophthalein 
excretion tests (by the method of White 


al.3") with 5 mg./Kg. wt. showed no dye 


after 40 minutes; serum total protein was 
6.88 gm with an A/G ratio of 4.3/2.5; 
blood CO, of 47°; thymol turbidity 2.23 ee. 
BaSO, (normal variation 0 to 1.68 ee.'); 
thymol flocculation (according to the 
method used by Neefe”), 3 + (normal values 
0 to +, exceptionally ++), and a blood 
urea 22 mg. %. 

A month later, in April 1947, the serum 
total protein was 7.2 gm. ©, and the cephalin 
flocculation was reported as 1+. Two 
months later, on May 25, 1947, the serum 
total protein was 5.88 gm. %, while the 
cephalin flocculation was still 1 +, and the 
N.P.N. was 32 mg. %. The blood amino- 
nitrogen was slightly raised. During the 
patient’s hospital stay a punch-biopsy of the 
liver was performed by Dr. Irving Brick. 
The specimens of liver tissue thus obtained 
were adequate, and histologic examination 
of the sections by the Mallory Institute of 
Pathology revealed no evidence of cirrhosis 
(Fig. 4). Dr. Parker kindly gave us the 
following critical evaluation of the sections: 
“There is great variation in the size of the 
liver cells. Some are much larger than 
normal. The cytoplasm of all the liver cells 
tends to be clear and contains numerous 
yellow-brown pigment granules. This pig- 
ment is not hemosiderin and is not acid-fast. 
The nuclei of the larger cells are abnormally 
large and sometimes are vacuolated. The 
lobular arrangement is somewhat distorted. 
There is no definite increase of the connective 
tissue in the portal areas which are infiltrated 
with an occasional lymphocyte and eosino- 
phil.” 

Studies on the Urine. Concentration and 
dilution tests showed that the patient could 
concentrate urine to 1028 and dilute it to 
1006. There was never any albumen, sugar, 
or acetone in the urine. Repeated examina- 
tions of the sediment were always negative. 
P.S.P. tests done in April 1947 and repeated 
in May 1947 showed 90°, excretion of the 
dye at the end of 90 minutes with 35% 
excretion occurring within the first 15 min- 
utes after injection. 

Twenty-four-hour urine specimens were 
collected daily, the total volume was meas- 
ured, then aliquots were taken for (a) de- 
termination of amino-nitrogen by the Soeren- 
sen Formol Titration, (b) amino-nitrogen de- 
terminations by the Van Slyke Ninhydrin 
method, (c) small aliquots used for the sepa- 
ration and identification of alanine, glutamic 


ite! 
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and aspartie acids. Aliquots that could not 
be immediately used were frozen solid until 
a more opportune moment. 

Total Daily Amino-nitrogen Excretion. The 
patient was found to excrete abnormally 
high levels of amino-nitrogen in the urine, 
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being made the blood N.P.N. varied between 
32 and 36 mg. %, while the blood urea was 
recorded as 22 mg. %. The Formol titration 
was carried out according to Soerensen with 
the end-point at ph:9 on parallel samples, 
The blood amino-nitrogen titration was car- 


Fic. 4.—Section of liver from punch biopsy. 


the total amounts varying between 800 mg. 
to 1500 mg. per 24 hours on a high protein 
diet (normal 100 to 200 mg. daily). The 
total amino-nitrogen was determined by 
Formol titration by one of us (L.U.). We 
are indebted to Dr. C. Davidson and asso- 
ciates of the Thorndike Memorial Labora- 
tories for occasional Van Slyke Ninhydrin 
determinations. The results thus obtained 
are shown in Table 1. Putting the patient 
on a low protein diet (15 to 20 gm. daily) 
resulted in a slight reduction of the total 
amino-nitrogen excreted. Throughout the 
time during which these determinations were 


ried out according to Van Slyke and Kirk* 
and was slightly raised. 

Partition Chromatography. As soon as it 
was ascertained that the patient was excret- 
ing abnormally large amounts of amino 
acids, it became necessary to know whether 
the amino-nitrogen excreted belonged to a 
few amino acids like leucine and tyrosine, or 
whether most of the amino acids usually 
circulating in the blood were proportionally 
represented. For this purpose the paper 
partition chromatography first described by 
Consden et al.’ and later simplified by Dent® 
was used. The chromatograms thus obtained 


— 
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indicated that there were at least 10 to 12 
different amino acids present, with the chro- 
matogram spectrum extending all the way 
from the band of aspartic acid (with an 
R,:0.12) to arginine and histidine with R,; 
values of 0.85 and 0.70 respectively. Repe- 
tition of these chromatograms after the 0.02 
ml. urine sample had been appropriately 
diluted confirmed the observation that none 
of these amino acids was present in excess 
over the others. This seemed to exclude the 
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gen sulfide. After the precipitated Cu was 
filtered off, aliquots of the filtrates of each 
fraction was taken for Nesslerization. De- 
terminations on these samples gave a glu- 
tamic acid value of 42 mg. ©; and aspartic 
acid of 14 mg. ©. Aspartic acid was further 
chemically identified by forming the benzoy! 
salt and comparing its melting point with 
synthetic benzoyl-aspartate: 


Velting pownt 


Benzoyl compound from urine 179°-180° C 
possibility of the preponderance of any single Synthetic benzoyl-aspartate 179°-180° C.* 
amino acid in the urine of the patient. * Uncorrected. 
TABLE 1 
Soerensen formol titration 
Ninhydrin-COz 
I rd Mg. amino-N Mg. amino-N method 
»-N per per 24 hrs mg. amino-N 
o// ml. urine irinary excretion per 24 hrs Diet 

Wiy- 0 644 837 790 High protein 
0. 56 923 
0.728 237 
0 714 1249 
0 392 860 

6.33 0 57 1534 
0 46 1246 
0 84 1558 
0.36 846 Low protein 
0.25 S04 

ee 580 

0.48 1440 High protein 
0.59 1275 
0.46 966 
0.52 
0.42 1120 


Separation and Identification of Alanine, 
Glutamic and Aspartic Acids. Two hundred 
ml. of urine from a 24-hour specimen con- 
taining a total of 1535 mg. amino-nitrogen 
was reduced to 50 ml. by distilling in vacuo. 
To this was added barium hydroxide in 
powder form until the urine became alkaline. 
At this stage the sulfates were precipitated 
and filtered off. The Ba-salts of glutamic and 
aspartic acid were precipitated from the 
filtrate with 5 times the volume of ethanol 
method). The precipitate was 

off and redissolved in 10 ml. 
The Ba-ion was removed by drop- 
wise addition of dilute sulfuric acid. The 
solution was then boiled for 15 minutes with 
1500 mg. copper carbonate and then taken 
to dryness on a water bath. From the 
mixture of Cu-salts of aspartic and glutamic 
acids, the glutamic acid salt was separated 
by extracting the dry residue with water, the 
Cu-glutamate being water-soluble while the 
Cu-aspartate is water-insoluble. The copper 
was removed trom both fractions with hydro- 


(Foreman 
centrifuged 
water. 


Alanine was isolated from the same urine, 
after the Ba-fraction had been removed, by 
precipitating it according to Bergmann‘ with 
dioxalopyridic acid. After this had been 
separated, the p-toluo-sulfonyl derivative of 
alanine was formed following the method of 
Bergmann and Niemann.® The alanine thus 
estimated as the toluo-sulfonyl derivative 
gave a value of 102 mg. %. From this 
p-toluo-sulfonyl-alanine the p-phenyl-phen- 
acyl salt was formed for purposes of chemical 
identification. Comparison of melting points 
(uncorrected) shows: 


Melting point 
p-Phenyl-phenacyl compound 


from urine 142°-143° ¢ 
p-Phenyl-phenacyl-alanine 42°-143° 
p-Pheny]-phenacyl bromide 125°-126° ¢ 


This value given for alanine may be rather 
high because it has been found that trypto- 
phane will also give a dioxalopyridate whose 
solubility is low, 7. e: 3 mg. per ml. at 5° C., 
and hence the precipitated dioxalopyripate 
may also contain some tryptodhane salt.' 
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Of course, the final purity of the phenyl- 
phenacyl compound does not argue against 
this The values thus obtained 
confirm the observation that there is a gen- 
eral the individual amino acid 
fractions of the urine. 


possibility. 


increase 1n 


Discussion. The family reported in this 
paper present the pseudosclerotic type of 
hepato-lenticular degeneration which we 
have found to be more common than is 
generally believed. The peculiar tremor of 
cerebellar ty pe has been described in some 
detail to facilitate its more general recog- 
nition. The Kayser-Fleischer ring of cor- 
neal pigmentation is its sure identifica- 
tion. The late development and very slow 
course of pseudosclerosis make it particu- 
larly appropriate for studies of metabolic 
dysfunction in hepato-lenticular degenera- 
tion. Such studies in the patient with the 
mildest form of the disease under our 
observation have revealed a gTOss amino- 
aciduria in the absence of demonstrable 
impairment of hepatic or renal function. 
The absence of low threshold for 
other the 


syndrome which is a nephrotic nephritis 


renal 


substances excludes Fanconi 


associated with albuminuria, renal gly- 


cosuria, hypophosphatemia, peptiduria 
due to “an 


defect of the 


inherent 
tubular epi- 


and aminoaciduria 
congenital 
thelium.”’ 

Although amino-aciduria 1s reported to 
be by no means uncommon in diseases 
affecting the parenchyma of the liver, the 
actual stage of liver disease in which the 
failure of amino acids 
begins to occur and its relation to dis- 
turbances of the other functions of the 


liver are as yet unknown. One reason for 


de-amination of 


this gap in our present knowledge may be 
the rarity of occasions in which investiga- 
tors have been prompted to study quantita- 
tively the the 
urine of patients showing minimal evi- 


amino acid excretion in 
dence of liver disease as indicated by 
Conse- 
quently, most of the literature on this 


subject reports the occurrence of abnor- 


the common liver function tests. 


mally large amounts of amino acids in the 
urine of patients whose hepatic function 
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had already shown gross and unmistakable 
disturbance. Undoubtedly the most strik- 
ing instance of this is the amino-aciduria 
encountered in 
the 
amino-nitrogen levels of up to 40 mg. per 
LOO ee.** 


reaching 216 mg. per 100 cc.?7 have been 


acute yellow atrophy 


whatever etiology) where urine 


and blood amino-nitrogen levels 


reported. Less severe degrees of amino- 


aciduria are seen in subacute yellow 


atrophy,” 28 but in these cases it is quite 
transient and the major portion of the 


excreted amino-nitrogen can be directly 


ascribed to tyrosine Deriving credence 


from these well-known observations, 


amino-aciduria has been generally con- 
sidered as a manifestation of severe liver 
disease rapidly approaching the terminal 
phase of liver failure. True enough, at this 
stage of the picture, when the blood 
N.P.N. is rapidly rising and the blood urea 


level falls, the blood a-amino-nitrogen 
level is quite high and the excess amino 


the 
normal 


acids are naturally poured out by 
kidney. Yet the fact that the 
adult excretes about 100 to 200 mg. amino- 


nitrogen daily in his urine*?* would indi- 
cate that the kidney will excrete amino 
normal blood amino- 
The lack of data on the 


tubular maximal resorption (Tm) of amino 


acids even with a 
nitrogen level. 


acids in the normal human kidney renders 
a correct appraisal and explanation of this 
phenomenon beyond our means at the 
Recent 
estimation of amino acids on dogs 


clearance 
40 


present time. renal 
are 
certainly not in accord with observed facts 
in normal humans, since the normal adult 
human excretes about 15 mg. arginine 
daily,’* and normal urine will give a strong 


Kappeller-Adler 


whereas in dogs, even- with plasma levels 


reaction for histidine, 
of up to 10 to 50 times that of the post- 
absorptive state, there was no evidence 
that the maximal rate of tubular reabsorp- 
tion for histidine had been reached, while 
the Tm for arginine was estimated as 1] 
mg. per minute. 
that humans is not 
incompatible with the absence of concom- 
mitant hyperamino-acidemia, and an in- 


Hence it would appear 
amino-aciduria in 
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crease in the former might well take place 
without a corresponding reflection in the 
latter. This supposition finds support in 
the case of hepato-lenticular degeneration 
reported here. 

Conjectures concerning the cause of the 
amino-aciduria lead to the consideration of 
several possible explanations. One of these 
may be that failure of deamination might 
be by 


disease in hepato-lenticular degeneration. 


far the earliest hint of hepatic 


Certainly the presence of marked amino- 
aciduria with minimal impairment by liver 
as presented in our case, 
Another 
and more attractive explanation would be 


function 


tests, 


would support this hypothesis. 


provided by the assumption that Wilson’s 
disease presents a basic fundamental defect 
The 


amino acids that cannot be used by a 


in the metabolism of amino acids. 


defective enzymatic system are excreted 
by the kidney, thus giving rise to a de- 
ficiency of amino acids essential for the 
maintenance of the functional and struc- 
tural integrity of the liver and the basal 
ganglia of the brain. The detection of 


severe amino-aciduria without, appar- 


ently, any involvement of the liver severe 
enough to explain this phenomenon, would 
also support this second hypothesis. 

\mino acid excretion studies done on 
manifest 
hepatie dysfunction certainly are of little 


patients who have already 
help in elucidating the cause of the amino- 
aciduria, since at that stage the liver itself 
affected that 


aciduria may directly be ascribed to the 


is so severely the amino- 


liver disease. This point was well-illus- 
trated when we found the opportunity to 
reéxamine 

Homburger and Kozol (their Case 3). 
This patie nt had been steadily deteriorat- 
ing since her evaluation in 1944 and 1946. 


The 


being markedly accentuated by any pur- 


tremor has increased in severity, 


poseful movement. It affected the upper 
extremities more than the lower, and the 
distal 


proximal 


parts of the limb more than the 
Emotional instability was now 
conspicuous; the patient would laugh and 


cry on the slightest stimulus, and often her 
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features would shape themselves into a 
silly grin without mirth or affect. Memory 
and intellectual functions were also im- 
paired. Judgment was poor and she was 
often found to indulge in bizarre behavior. 
The whole picture was consistent with 
progressive organic mental deterioration. 
Neurological findings were essentially the 
same as on previous admissions except for 
the bilateral 
plantar (Babinski) responses. Liver func- 


presence now of extensor 
tion tests done a year after her previous 
study by Homburger and Kozol gave the 
data: Cephalin flocculation 
(pre\ iously + to +++-+): icteric 
index 10 to 12; pro- 
thrombin time 72% (previously 100%); 
thymol flocculation 0 (normal: 0), thymol 
turbidity 0.72 (normal: 1.68); B.S.P.: 12% 
retention of dye after 30 minutes (trace to 


following 


(previously 5); 


10% after 15 minutes). The data reported 
by Homburger and Kozol are shown in 
brackets. 


progression of her liver disease. 


The comparison shows distinct 
Amino- 
nitrogen levels done on her 24-hour urine 


‘showed a daily out-put between 580 mg 


and 690 mg. amino-nitrogen, but these 
levels were taken while she was dehydrated 
and refused to increase her fluid intake. 
As it is known, amino-acid out-put is also 
dependent on the total fluid excreted? and 
hence these values may well represent the 
minimal excretion levels. Thus, although 
this patient also showed amino-aciduria, 
this could be directly ascribable to her 
hepatic involvement. 

The gross amino-aciduria in the presence 
of minimal liver disease in the case re- 
ported in this paper thus points to a very 
remarkable problem. This feature directs 
attention to the possible similarity of the 
other 
adies associated with congenital defects of 
like 
cystonuria, alkaptonuria (homogentisin- 
uria) phenylketonuria, which 
specific for certain metabolic systems, are 


condition with well-known mal- 


metabolism. Diseases congenital 


and are 
also linked to hereditary and familial 
factors. Our finding strongly suggests that 
hepato-lenticular degeneration might justi- 
fiably be compared with congenital dis- 
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eases of metabolism. It is hoped that a 
suffering from 
and the 


larger family the disease 


may be found questions of 
from 
infancy could then be put to test. If such 


pre ves 


whether the amino-aciduria exists 
to be the case the whole mechanism 
of familial and hereditary nervous diseases 
which appear long after birth will be 
revealed in a new light. The conception 
of “abiotrophy”” or premature aging of 
nerve cells finds little support in modern 
pathology. Damage to nervous structure 
resulting from the cumulative effects of 
inherent metabolic defects may well under- 
lie such diseases as Huntington’s chorea, 
presenile dementias, and other obscure 
syndromes 

The wide-spread use of intravenous 
alimentation with amino acids 


World War II has that hyper 


amino-aciduria is well tolerated by the 


during 
shown 


normal or undernourished individual, and 
that hyperamino-acidemia over a period of 
several weeks will not 


cause any neuro- 


logic disturbance. Thus, the possible 
affection of the basal ganglia by a chronic 
but very minimal hyperamino-acidemia 


due to faulty metabolism in the liver 
appears 

Ever since Wilson’s original description 
of the disease, 


difficulty 


ry unlikely. 


investigators have found 
in demonstrating the hepatic 
damage in this disease by the usual liver 
function tests. Although claims have been 
advanced regarding the efficacy of the 
Serum Colloidal Gold reaction, this too is 
often as The 


Cephalin flocculation test has been found 


unreliable as the others. 


to be positive when other tests were nega- 
ti 


ve. But such studies were made onl) 
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when the disease was already in an advanced 
stage. The studies reported here indicate 
that the presence of non-specific amino- 
aciduria, without demonstrable kidney or 
liver disease may well serve as a diagnostic 
criterion in hepato-lenticular degeneration 
at a stage where other tests give negative 
We have found 


only 2 references to tests for urinary amino 


or doubtful indication. 


acids in hepato-lenticular degeneration by 
others. Siemerling and Oloff*' report a 
slight increase in a patient whose liver was 
greatly enlarged. Liithy** mentions that 
the ninhydrin reaction of the urine was 
negative in his first very chronic case, when 
other tests were also negative. 

The total amino-nitrogen content of the 
24-hour urine can be determined either by 
formol titration according to Soerensen or 
by the Van Slyke Ninhydrin-CO:, method. 
Although the latter carries greate? accur- 
acy in a-amino-nitrogen determinations 
done on blood samples, the former ha: 
been found to be quite satisfactory in 
determinations done on the urine. Formol 
titration further possesses the advantage of 
being a simple procedure that can be car- 
ried out without complicated apparatus. 
The amount of urinary amino-nitrogen 
usually present renders the margin of error 
attached to this method a negligible factor. 

Conclusions. 
ing from the chronic pseudosclerotic form 


One of 2 brothers suffer- 


of hepato-lenticular degeneration was 
found to have a severe and persistent 
amino-aciduria. There was no evidence of 
renal disease. There was neither clinical 
nor laboratory evidence of hepatic cir- 
rhosis. The implications of the amino- 


aciduria are discussed. 
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In 1938 Solandt and Best!® used heparin 
in the management of experimental coron- 
ary thrombosis. Those experiments paved 
the way for the application of anticoagu- 
lant therapy in human coronary artery 
thrombosis. Only during the past 4 years 
has the method been employed clinically, 
during which time both dicumarol and 
heparin have been on trial in the treat- 
ment of acute coronary occlusion with 
myocardial infarction. The rationale of 
anticoagulant therapy has been based on 
sound pharmacologic principles. These 
agents are used: (1) to prevent the forma- 
tion of mural thrombi in the cardiac 
chambers; (2) to prevent the extension 
of a thrombus from its point of origin; 
3) to prevent the formation of thrombi 
in peripheral vessels from which disturbing 
thrombo-emboli could propagate. 

That acute coronary occlusion was ac- 
companied by frequent thrombo-embolic 
phenomena has been long recognized. 
Wolff and White! have stated that a 
mural thrombus almost always occurs in 
patients who have suffered myocardial 
infarction, even though thrombi were 
found in only 30% of their postmortem 
material. Levine and Brown‘ noted 83% 
mural thrombi in their fatal cases. In a 
clinical and pathologic study, Meakins 
and Eakin® recorded 17 % venous thrombo- 
sis, 42% pulmonary embolism, and 50% 
mural thrombi. In 300 infarctions, Bean’ 
found 9% with pulmonary and 34% with 
systemic emboli, while 47% showed evi- 
dence of mural thrombi. In his group all 
of the pulmonary emboli and 15% of the 
systemic emboli were clinically detectable. 


Conner and Holt*® recorded clinical Sys- 
temic embolic complications in 10% of 
287 patients, of whom 7% had pulmonary 
emboli. More recently Nay and Barnes‘ 
have reported thrombo-embolic complica- 
tions in 37% of 100 cases convalescing 
from acute coronary occlusion— 15% com- 
plicated by a second infarction, 14% by 
pulmonary emboli, 8% by cerebrovascular 
occlusion, 7% by thrombophlebitis, and 
4% by peripheral arterial occlusion. 

According to these necropsy studies, 
mural thrombi were found in the majority 
of myocardial infarctions. Emboli from 
the left heart were noted in variable per- 
centages in the spleen, kidney, brain, mes- 
enteric and extremity vessels, while those 
from the right heart necessarily lodged in 
the pulmonary tree. 

With the advent of the anticoagulant 
era, Peters, Guyther and Brambel® treated 
60 instances of acute myocardial infarction 
with dicumarol with 2% vascular compli- 
cations and 4% mortality. Also Nichol 
and Page’ treating 44 patients, and 
Wright" in his report of 76 acute occlusions 
treated with this anticoagulant, indicated 
that both the incidence of thrombo-em- 
bolic complications and the mortality rate 
were appreciably lowered. Parker and 
Barker® likewise observed 50 patients, 40 
of whom were treated solely by dicumarol 
and 10 by a combined dicumarol-heparin 
program. They noted vascular complica- 
tions in 4% with 10% mortality. 

Material and Methods. This communica- 
tion records our experience with 71 consecu- 
tive admissions. The diagnosis was sub- 
stantiated by history, clinical signs and 
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laboratory data and the devel- 
pment of electrocardiographic patterns of 
cute posterior, or lateral wall 
ifaretion, and/or a combination of these. 
Three who died within 48 hours of admission 


ire omitted f the statistical data. 


ptoms, 


anterior, 


Known coronary occlusion had occurred in 
9 months and the other 
16 months previously. 

\nticoagulant therapy consisted solely 
f dicumarol. In addition, all patients re- 
eived papaverine hydrochloride during the 
entire period of hospitalization. Oxygen by 
catheter, morphine intravenously or 
subcutaneously, were routine procedures 
during the first 3 days and administered as 
necessary thereafter. Sodium restriction and 
eg exercises completed the régime. 

Prothrombin times were performed daily 
yy a modification of Quick’s method, using 
Difeo’s thromboplastin from rabbit brain. 
In control readings, prothrombin times have 
onsistently varied between 12 and 15 sec- 
mds. An initial 300 mg. of dicumarol were 
idministered after the prothrombin time had 
been determined, and 200 mg. were given 
outinely on the 2nd day. It was our pur- 
pose to maintain the prothrombin level be- 
tween 30 and 45 seconds by the administra- 
tion of 100 or 200 mg. daily for 4 weeks. If 
ind the prothrombin time reached 
5 seconds, dicumarol was omitted that day. 


patients, one 


and 


9 


o ¢ 


when 


OsseERVATIONS. Table 1 shows the dis- 
tribution of these patients according to age 


by decade, Table 2 according to sex and 


TABLE 1 DISTRIBUTION ACCORDING TO AGE 
Age No. 
20-29 0 
50-39 6 
10-49 15 
50 59 26 
18 
70-79 6 
| 71 
Tal DISTRIBUTION BY SEX AND RACE 
No. 
Ma 65 
Fen 6 
71 
W hite 67 
Black l 
Ye \ 3 
Total 7] 
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race. Interestingly enough, 3 Chinese 
males in their 5th decade were treated 
during this study. Of the series, 44 (62%) 
were in the 5th and 6th decades. 
electrocardiograms (Table 3) demonstrat- 
ed that anterior and antero-lateral patterns 


barely exceeded the posterior lesions. 


Serial 


TABLE 3.— ELECTROCARDIOGRAPHIC LESION 
Anterior occlusion 37 
Posterior occlusion 31 
Mixed type 3 
Total 71 


On 3 occasions gross hematuria occurred 
which was readily controlled by intraven- 
ous administration of 60 mg. of menadione 
bisulfite. This complication occurred dur- 
ing the 3rd week of therapy in 2 instances, 
so dicumarol It 
resumed in the third patient without sub- 
Two 


was discontinued. was 


sequent hemorrhage. instances of 
mild epistaxis were noted, but these pa- 
tients were maintained continuously at 
therapeutic levels. Unexplained difficulty 
encountered the maintenance 
of the desired prothrombin time in 21 
patients. In 10 of these, a lapse of 4 days 
occurred before a therapeutic range was 
attained. On 
times increased beyond 60 seconds, 


was in 


occasions prothrombin 
un- 
complicated by hemorrhage. One instance 
of elevated prothrombin time was demon- 
strated 6 days after 
discontinued, 


the anticoagulant had 
though clinical evi- 
renal dysfunction was 


been 
dence of hepatic or 
lacking. 
effective therapeutic control lapsed for a 
day or more without clinically detectable 
An elderly male had an 
apparent extension of his infarction dur- 
ing the 3rd week of his illness when the 
Serial 


There were 6 patients in whom 


vascular mishap. 


prothrombin time was 39 seconds. 
electrocardiograms gave evidence of a pro- 
gression of the lesion, and the patient 
expired suddenly on the 20th hospital day. 
Whether there was an extension of the 
thrombus, or whether ischemic infarction 
without thrombosis occurred, could not 
be ascertained. 


Thrombo-embolic complications were 
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Ii | White male, age 65. Arteriosclerotic heart disease with anter: 
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day prior to death. From above downward, on left, Leads I, II, III, I 
( C4, Cl The S—T segments were markedly shifted from onset. 


notably infrequent. They were observed 
in 2 patients, 1 being the fatality previ- 
ously described. The other was an elderly 
patient whose rhythm was totally irregu- 
lar in whom a pulmonary embolus occurred 
on the 6th day, when the prothrombin 
time was 30 seconds. Necropsy revealed 
the pulmonary embolus, but evidence of 
mural thrombi was lacking. 


TABLE 4.—Cause, AGI 
OF 9 FATAL 
Cause 


Heart failure 


Ruptured ventricle 
Pulmonary embolus 
Extension of infarction 


iteral myocardial infarctiot 


VF and on right Cl 


AND Day OF 


CASES 


Age 


50 


DEATH 


SSS SS th | I 
=== ==S== = 
=F 
SS Sis 
( 
ay 
I 
55 27 ( 
58 10 | 
64 10 
65 4 i 
67 
« 3 
75 6 
20 
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Ill 


[VI 


I 2.— White male, age 67. Arteriosclerotic heart disease with posterior myocardial infarction. 
Complete heart block and persistent S-T shift are evident on the day of death. 


Nine deaths in this group gave a mor- cause in another. The remaining 6 pa- 
tality incidence of 12.7% (Table 4). tients died of cardiac failure. In 3 of the 
Rupture of the heart occurred on the 3rd__latter, marked shifting of the S—T seg- 
day in a patient 40 years of age. This ments persisted until death (Fig. 1) 
lesion involved a large area of the septum, Complete heart block, associated with a 
following a thrombosis of the right cor- posterior lesion, occurred in an elderly 
onary artery. Extension of the infarction male who expired on the 10th day (Fig. 2). 
was the cause of death in | instance, and In these patients who came to necropsy, 
pulmonary embolus was a contributory no mural thrombi were found. 
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Comment. From _ observations made 
on 71 patients no effort has been made to 
compile statistical data. 


features 


Though certain 
were undesirable, it seems that 
this pharmacologic approach is sound. 
The 


cations, 


appearance of hemorrhagic compli- 
hematuria, un- 
pleasant; but we can emphatically state 
that 


especially was 
serious harm due to the drug did 
This 
menadione bisulfite. On the 
other hand, in 10 patients | days elapsed 


not occur. sole hazard 


trolle d by 


was con- 


before the therapeutic level was reached. 
Despite this fact, evidence of thrombo- 
embolic complications was not noted in 
this group. Perhaps the most useful pur- 
pose served by dicumarol therapy is pre- 
vention of thrombus formation in pelvic 
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Summary and Conclusions. 1. 


arol has been used as the sole anticoagu 


Dicum 


lant in the management of 71 patient 
with myocardial infarction following acut« 
coronary occlusion. 

2. This therapeutic approach is sound. 

3. Daily prothrombin determination i: 
mandatory for successful therapy. 

1. Hemorrhagic complications were in- 
frequent and readily controlled. 

5. Due to the low incidence of thrombo- 
embolic phenomena a less stormy convales- 
cent period was insured, justifying the 
continued use of this form of therapy. 
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FURTHER STUDIES ON THE ANTICOAGULANTS 


By Cari Reicu, M.D. 
ASSOCIATE IN MEDICINE 
AND 
WittiamM EISENMENGER, 
RESIDENT IN MEDICINE 
NEW YORK, NEW YORK 


(From the Lenox Hill Hospital 


This report embodies a continuation of 
tudies on dicumarol and heparin initiated 
Lenox Hill Hospital in 1948. Since 
at time these anticoagulants have been 
nder constant observation at this insti- 
ition. They have been used both for 
le prevention and the treatment of 
rombotie conditions. Favorable results 
ive been described in previous com- 
unications.*® 
The present series of cases of approxi- 
ately 300 patients can be divided into 


main groups: (1) postoperative cases 


treated prophylactically with anticoagu- 


nts to prevent thrombotic conditions; 
2) patients with active venous thrombo- 
s; (3) acute embolic episodes, usually 
ulmonary; and (4) cases of coronary 
hrombosis 
The ceneral technique of performing 
he prothrombin tests has been previously 
escribed in detail. The prothrombin 
mes were reported in seconds and re- 
erred to normal controls. The normal 
alues ranged from 12 to 15 seconds. The 
onversion of prothrombin times to values 
esignated as percentage of normal con- 
ntration may readily be performed by 
eferring to a normal control curve of 
rothrombin times of serially diluted 
lasma.' 
While it is felt that such a conversion 
very useful in many instances, we 
ound it to be simpler, especially for the 
iboratory, and just as satisfactory in 
lanaging patients on dicumarol therapy, 
o use the direct time. Furthermore, in 
reparing the normal curve, in the pro- 
ess of diluting with plasma another fac- 
or in the clotting mechanism. namely 


fibrinogen, is reduced as a result, pro- 
thrombin times done on dilute plasma 
will not reflect the true prothrombin level 
of the blood, unless fibrinogen is added in 
the dilution proce 

DruGs AND Metnops or TREATMENT. 
There have been some changes lately in 
the methods of administering the anti- 
coagulants so that it is best to describe 
the technique in detail. 

Heparin. This substance can now be 
given in 3 different ways, all parenteral 
of course: (a) A 10 ce. vial of heparin 
containing 10 mg. is added to each 500 ce. 
of saline and is administered as a continu- 
ous intravenous infusion at the rate of 
30 drops a minute at the onset. Coagula- 
tion times are carefully done every 4 hours 
by the Lee-White method, the object 
being to prolong the coagulation time to 
3 times normal. This can be fairly steadily 
maintained, providing close supervision by 
the nursing staff is available. The main 
objection to this form of administration 
lies in the precise control of the rate of 
flow that is required and this necessitates 
very frequent observations. Variations in 
the rate of flow such as can occur with 
different positions of the arm may result 
in extreme variations in the coagulation 
time. 

(b) Heparin (50 to 100 mg.) is injected 
intravenously undiluted every 4 to 6 hours. 
One difficulty in this form of administra- 
tion is the inconvenience of the multiple 
injections. Jorpes® who has had consid- 
erable experience with this method con- 
siders it safe enough to dispense with the 
usual check of the coagulation time. 

(c) Heparin, 200 to 400 mg. in Pitkin- 
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menstruum, is given in the deep subcuta- 
neous tissues at 48 hour intervals. Loewe® 
has re¢ ently reported on this method. 


Naturally 


should be done to check the effectiveness 


frequent coagulation times 


of the latter 2 methods of administration. 
The expense of both of these is consider- 
ably greater than dicumarol therapy and 
hence heparin therapy is merely used until 
dicumarol has taken effect 

If hemorrhage should occur, heparin of 


course is promptly discontinued and the 
heparin effect will be lost in several hours. 
If the severity of the bleeding necessitates 
prompt treatment the administration of 
whole blood is indicated. 

Dicumarol. 


white powder available in 100 


Dicumarol is a_ tasteless, 
odorless. 
and 50 mg. capsules. Its chemical struc- 
ture is 3,3’-methylenebis-(4-hydroxycou- 
marin) and, as had been frequently noted 
yet commonly overlooked, its structure is 
very similar to vitamin K. Thus one of 
the synthetic compounds possessing high 
vitamin K activity is 2-methyl, 1,4,naph- 
formula of 
which resembles half of the dicumarol 
formula 


thoquinone, the structural 


OH OH 
{ 
( ( 
{ 
{) 
() 
bis (4-hydroxycoumarir 
O 
CH 
m 14,1 iphthoquinone 
| Structure of dicumarol and a synthetic 


vitamin K 


Through a process of biologic antagon- 
ism the mechanism of action of dicumarol 
is postulated as one of interference in the 
production of prothrombin by the liver 
cells at some point where the normal 
mechanism utilizes vitamin K. A mass 
action can explain the fact that vitamin K 
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administered intravenously in high dosage. 


(60 to 120 mg. of water-soluble vitamin Kk 
can return toward normal a prothrombi 
time that has been prolonged by dicumaro 
Before administration of the drug 
prothrombin determination is done t 
find the patient’s normal blood level. Th 
is necessary to avoid treating cases wher 
the production ot prothrombin is alread 
impaired, such as with diffuse liver dan 
age, for in these patients small doses giv 
excessive effects It is important to not 
the state of the urinary system, for d 
cumarol is excreted by the kidney. Wit! 
primary renal retention as well as wit! 
diminished renal blood flow, dicumarol i 


retained and unexpectedly prolonged pro- 


) 


thrombin times will result.! 
After the preliminary prothrombin tim: 
has been established, 300 mg. of dicumarol! 


are given. Daily prothrombin levels are 


done and until the desired range is reached 


200 mg. are given each day. The object 


is to prolong the prothrombin time to 


twice its normal Value. In other words 
if the normal control is 14 seconds, the 
therapeutic range would be above 28 sec 
onds. 
keep a patient at just above this level, but 
practically this is not often possible 
Hence, therapy has to be guided mainly) 
by the minimal level desired and in a 
effort to keep above this, prothrombi 
levels of 3 or 4 times normal are frequent], 
encountered without any particular risk 

Naturally every patient reacts differ 
ently to drugs and it is necessary to adjus 
Once th 
therapeutic level has been reached nm 


subsequent doses individually. 


further drug need be given until the pro 
thrombin time has dropped below or |! 
rapidly decreasing toward this level. Thu 
with a control prothrombin time of 14 se: 
onds, and that of the patient 35 seconds 
no drug would be given if the latter repre 
sented a rapidly increasing prothrombi 
time. On the other hand an addition: 
100 mg. of drug would be administere 
if this represented a rapidly falling pr 
thrombin time. This merely represent 
an effort to take into account the delaye 


Ideally it would be desirable to 
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et of dicumarol, for only by doing so 
one prevent the drop out of the effec- 
range which can readily oceur and 
quite disastrous. One of our patients 
vith phlebitis migrans illustrates this last 
nt very well, for over a 5 week period 
r\ time his prothrombin time dropped 
ow about 28 to 30 seconds (with a con- 


rol of 12 to 14 seconds) he developed a 


ew phlebitis 
If inadvertently bleeding of a serious 


ree occurs, a transfusion of fresh blood 


is 60 mg. of water-soluble vitamin K 


travenously 


evel promptly. 


will raise the prothrombin 
The transfusion gives a 
apid effect, whereas the vitamin K effect 

not as prompt but is manifested only 
Vitamin K administra- 
yn may be repeated several times if the 


ter some hours. 


rcumstances indicate. 

The above is merely the general tech- 
There 
ire many variations and each person must 
with all 
There are some hyperreac- 


que of administering dicumarol. 


judged as an individual as 


ier drugs 
rs in whom the administration of 300 

the first day, followed by 200 mg. the 
cond, will send the prothrombin time 
80 seconds over the 


m to 70 or next 


days, and there are resistant cases who 
ed 200 mg. daily to keep them in the 
rapeutic range. 
The combined use of heparin and dicu- 
arol is frequently indicated, for such is 
e ideal treatment when an immediate 
nticoagulant effect is indicated in a case 
iat will also require prolonged effect as 
ell. There may be some confusion in 
ese cases in estimating the dicumarol 
me and the readings are not solely due 
dicumarol as long as the heparin is 
ven. Therefore it is best to give 300 mg. 
dicumarol the Ist day and 200 mg. the 
id, even if the prothrombin time is un- 
ily elevated, as this is probably an ad- 
If the dicumarol 
withheld the patient will drop back out 


tional he parin effect. 


the therapeutic range when the heparin 
stopped and then be in danger of em- 
lization 

The heparin is usually discontinued at 
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that thereafter the 
prothrombin times can again be relied 


hours SO 


upon as indicating dicumarol effect. 

We will now proceed with discussion of 
the different groups of cases and the thera- 
peutic variations indicated in each group: 

Tne Postoperative PROPHYLACTIC 
200 of these 
and at least 50% were after pelvic opera- 
The others 
were after the usual type of operations and 


Cases. There were about 


tive procedures in women. 


there were also some postpartum cases in 
whom there had been a previous history 
of phlebitis. In none of these cases did a 
phlebitis or pulmonary embolism develop. 

The treatment in this group of cases 
was by means of dicumarol. It was started 
2 to 4 days postoperatively and kept up 
until the patient was ambulatory (about 
7 to 10 days). In ordinary cases the drug 
can be started on the 2nd postoperative 
day, but after operations involving a 
particularly vascular field such as gastric 
resection, prostatic operations, cholecyst- 
ectomy and postpartum cases, it is better 
to wait 4 days before administering the 
drug. 

The only hemorrhagic manifestation in 
this group were 2 wound hematomata and 
they occurred when the 


times were not too unusually high. 


prothrombin 
Also 
occasional episodes of minimal vaginal 


bleeding complicated pelvic cases but 
were not of sufficient degree to interrupt 
dicumarol therapy. We have found dicu- 
safe drug to give with little 
Naturally, 


watched 


marol a 
danger of significant bleeding. 
times 


the prothrombin were 


carefully; in some cases they rose to very 
high levels but no bleeding occurred. 
The 


most satisfactory. 


results in this group have been 
From our own experi- 
ence both past and present as well as that 
of other investigators,’ it is now possible 
by prophylactic use of dicumarol practi- 
cally to guarantee the prevention of post- 
As to whether this 

should be 


after all surgical procedures or only after 


operative thromboses. 

prophylactic treatment used 
those in which thromboses are more likely 
as in pelvic operations, is a moot question, 


age 
il 
] 


Thromboses and pulmonary emboli have 
been known to occur after any operation 
and in persons of all ages 

Dicumarol treatment is safe, the only 
inconvenience to the patient being the 
daily venepuncture entailed in taking the 
blood for the prothrombin determinations. 
This technical procedure and the neces- 
sary laboratory work in doing the tests 
are a small price to pay to ward off the 
uncertainty and cataclysmic consequences 
of a postoperative embolism. 

2. ACUTE EMBOLIZATION. 
30 cases of acute embolization treated; 


There were 


26 were pulmonary, 3 cerebral and 1 per- 
ipheral. Most of the pulmonary cases 
were typical, occurring without warning 
between the 7th and 14th postoperative 
day. In some there was a demonstrable 
antecedent phlebothrombosis, but in the 
majority there were no signs or symptoms 
pointing to a causative thrombosis. Pro- 
phy lactic venous ligation would have been 
useless in many cases as the thrombotic 
focus in these instances was likely pelvic 
in origin, especially in view of the fact 
that most of the pulmonary emboli oc- 
curred after pelvic operations or post- 
partum. 

The typical history of acute pulmonary 
embolism was sudden pain in the chest, 
rapid shallow difficult breathing, tachy- 
cardia and cyanosis. There was often 
hemoptysis and Roentgen ray examina- 
tion in classical cases showed an area of 
infarction. This Roentgen ray evidence 
was not always present early in the dis- 
ease and in some cases could not be 
demonstrated at all. 

Combined heparin and dicumarol ther- 
apy is employed in these cases because being 
most urgent it is important to get an im- 
mediate anticoagulant effect. Therefore 
heparin is injected as soon as_ possible. 
Dicumarol is started at the same time 
and as soon as the prothrombin time indi- 


cates that the patient is under its influ- 
This is 
To avoid the 
effect of heparin on the prothrombin time. 
blood for this determination should be 


ence the heparin can be stopped. 
usually in 36 to 48 hours. 
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taken after the coagulation time has been 


allowed to drop toward normal 

Other treatment for pulmonary emb 
ism such as oxygen, penicillin and papa 
erine for sedation are used at the same 
time. All of our cases of embolizati 
recovered except 2 which will be deserib 
in detail. One other case had a sub 
quent non-fatal embolism while on ant 
These 3° cases 


coagulant therapy 


summarized as follows: 


Clinical Notes. Case i. 
developed Aa 


A 60 year 
male pulmonary embolis 
IS days after a infarct 


Under dicumarol he had no further emb 


myocardial 


but suffered persistent pain in the rig 
chest at the site of the embolus Ten da 
later this area of infarction broke down Int 


a pulmonarv abscess with copious gree 


purulent sputum. His temperature persist: 


high and he died 4 days later 


In this case it is worthy to note that 
relatively small amounts of dicumar 
without any additional drugs, caused | 
prothrombin time to rise to unusually hig 
levels, reaching 85 seconds, and persisting 
there for days We feel that the signi - 
cant feature in his sensitivity to the drug 
was his impaired blood circulation wit 
resultant diminished renal circulation at 
dicumarol retention 

Case 20.—A 63 vear old male had br 
chiectasis, multiple migrating phlebitis al 
several embolic episodes. In this case 
was necessary to keep the prothrombin tu 
at comparatively high levels, 50 to 60 s 
onds. to prevent further phlebitis and el 
boli. However, in the 10 day period follo 
ing the attainment of adequate levels 
infarction broke do 
into a large abscess and the patient di 
At autopsy the pulmonary condition \ 
confirmed and it was also found that 
This n 


production 


area of pulmonary 


had a carcinoma of the pancreas. 
have been a factor in the 
multiple phlebitis 

Case 27. A 37 year old female, 7 da 
postpartum had a severe pulmonary emb 
ism on her Ist ambulatory day and wit! 
24 hours she had another similar episo« 
At that point combined heparin and dicu 


e 
il 
l 
t 
fie 
ii 
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treatment was started. Two days later 
il bleeding which had never com- 


ly disappeared since the delivery be- 
profuse due to the anti- 
and some pituitary ex- 
vas give! It is impossible to say 


r this is merely coincidental, but 

{ after its administration another 
lic episode of less severe degree OCc- 
1. Earlier she had shown signs of a 
al phlebitis in her left calf and on the 
lity that this was the source instead 
er pelvic veins, a superficial femoral 
1 was performed, the vein revealing 
hrombosis at the time of operation. 
vy rate, whatever the source she had no 


mplications. 


e following case is also of interest. 
\ 64 year old female suffered 
1 peripheral arterial embolus involving 


wer extremities. Dicumarol was given 


nputation could not be avoided. At 
ition there was no excess bleeding 
te the fact that the prothrombin time 
twice ial 
is again illustrates that the fear of 
eding from the use of dicumarol is 


A 


1 


p and superficial phlebitis. 


nh exagye rated. Nevertheless, if sur- 
is contemplated in a patient under 
best to 


vitamin K by vein a few 


influence of dicumarol it 1s 

et 120 mg. 
preoperatively as a precautionary 

ure 

15 cases of 

both 

For our 


There were 


mbophlebitis, which included 


pose it is not necessary to separate the 


erficial from the deep cases as the ther- 


is usually similar. Twenty of the 
; were postoperative patients who had 


ed 


tment 


no prophylactic anticoagulant 


Of these 20 cases, 15 were 
ien who had undergone pelvic opera- 
or childbirth. 
the increased tendency to thrombosis 
pelvie surgery or parturition. The 
r 25 cases of phlebitis were associated 


This again empha- 


the usual well-known etiologic factors. 
Three were 
r trauma to the leg, one was after 


w are worthy of mention. 


ral infusions with protein hydroly- 
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sate, and another associated with a severe 
case of polycythemia, while another was 
in a young patient recovering from infec- 
tious mononucleosis. 

We shall discuss one case in detail, a sit 
is very unusual from various standpoints. 


Case 64. A 42 year old white male was 
admitted to the hospital with the diagnosis 
of a deep phlebitis of the left leg. Dicumarol 
administered in the usual manner. 
During the next 5 weeks, every time the 
prothrombin level fell to below 30 seconds 
another vein became involved. This was 
evidently a case of thrombophlebitis migrans 
and as these are often associated with neo- 
an effort was made to find such a 
Chest rays were taken 
and a biopsy of some slightly enlarged 
lymph nodes in the right side of the neck 
A lesion was found in the lungs 
and the biopsy showed adenocarcinoma, 
primary site undetermined. Eventually the 
deep superficial veins of both legs, both 
arms, the right external jugular and the 
veins of the penis became involved. To 
prevent any further involvement it was 
decided to take the risk of keeping him at 
high levels. These averaged 80 seconds for 
about 6 weeks and during this period there 
was no further venous thrombosis. Then 
for a month at normal levels he had no 
further thrombosis. It is interesting to note 
that at the time of the right cervical biopsy 
the prothrombin time was 87 seconds with 
a control of 14 seconds, and yet there was 
no abnormal bleeding. The patient returned 


home and in 2 months died suddenly. 


Was 


plasms, 


focus. toentgen 


Was done. 


The treatment of phlebitis is by dicu- 
marol rather than heparin as there is no 
necessity for urgency, except in a severe 
Additional measures that 
seemed of valuejare papaverine, } gr. 
every 4 hours for pain, a cradle, elevation 
of the leg, and continuous hot wet dress- 


ings. 


acute case. 


Under dicumarol the average case 
of phlebitis lasts about 7 days. As soon 
the inflammation and the 
temperature is normal, the patient is al- 
lowed out of bed. An ace bandage is worn 
for several weeks after recovery. If infec- 
tion associated with the phlebitis is severe 
and the temperature persists, sulfonamides 


as subsides 
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used as indicated. 
treated 


The unfor- 


antibiotics can be 


In none of our cases so were 


Lhere any pulmonary emboli. 
tunate thing about phlebitis is that once 


an entire vein becomes involved some 


residual edema often remains. sy the 


prompt use of the antic agulants, throm- 


bosis can be restricted to just one segment 
ot the 


vein and often the collateral circu- 


lation is sufficient to prevent lymphatic 
Diskase. There 


artery 


t. CORONARY ARTERY 


were 30 cases of coronary disease 
treated with dicumarol; 24 of these were 
typical coronary occlusions with myocar- 
infarction. Of these, 4 


1 after having shown 


dial died; 2 of 
progressive failures, 
clini al and electrocardiographic evidence 
of progressive myocardial damage, and 
| in what seemed to be an 


acute new 


coronary episode. No one, however, had 
either pulmonary or coronary insufficiency. 
It is interesting that 1 of these latter cases 
W ho had a long history ot coronary insuffhi- 
ciency, manifested by anginal attacks and 
ECG evidence of myocardial damage, suf- 
fered what appeared to be clinically an 
acute coronary attack while on adequate 
She died before ECG 
be had and 


nately postmortem examination was not 


dicumarol therapy. 
confirmation could unfortu- 
pe rmitted. 

\ few cases will be presented to illus- 
trate salient points. 


Case l. A 


uneventfully 


57 year old male was treated 
with dicumarol for 5 weeks 
when he developed a sudden profuse hemor- 
rhage from the lower bowel. The prothrom- 
bin time oddly enough had dropped to less 
than 30 seconds before the hemorrhage oc- 
curred, a level at which no other bleeding 
here. He 
a blood transfusion and 120 mg. 
hykinone”’ and recovered uneventfully. 


. A 74 year old male developed 


manifestations have been noted 


was given 


CASE 0 
what appeared to be a progressive coronary 
involvement while under adequate dicum- 
arol therapy. The ECG suggested a new 
infarction when the prothrombin time was 
10 seconds with a control of 13 seconds. 
With this new episode he went into failure 
which persisted until his death, several days 
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later Duru this time the prothror 


high le 


minimal dosage, whe 


unexpectedly 
‘onds, witl 

previously he had a fairly steady mai 
nance on dosage 


CASE 4 \ 
vell under 


norma 
53 vear old male was di 


dicumarol when he develops 


sudden recurrence of substernal distress 
25 days after his original coronary episod 
went into shock, became eyvanotic 


died. Autopsy was refused. 


another 


This was p 
ably coronary episode, thoug 
pulmonary be definit 
xcluded 
CasE 9. A 


postoperative 


infarction cannot 
o6 year old male who was 
prostatectomy developed 
typical coronary 
with 300 mg 

another 300 mg 
later he 


He was starte 
then gi 
One-half | 
was treated by gastric lavage, 
this his prothrombin time rose 
to 176 seconds, 3 days after the initial dose 
He had no bleeding and responded prompth 
to m: 


episode. 
dicumarol and 


by mistake. 


in spite of 


of hykinone. Subsequently 
Was quite sensitive to dicumarol, but unde: 
careful management remained in good « 
trol. This case illustrates the fact that bleed 
ing does not always oecur even though 
prothrombin time is very much prolonge: 


Thus while this group is too small i 


present any definite conclusions, the im- 
pression given is that the main usefulness 
of anticoagulant therapy coronar’ 
artery disease is in the prevention of em- 
bolization either from peripheral vein 01 
This 


others.” \l- 


eardiae mural thrombi. contor 


1 


with the impressions of 


though in most of the cases of coron 
artery disease no further acute cardia 
episodes occurred while under the influ- 
ence of anticoagulants, it 


that a 


Was nevertiie- 


observed small 


less 


proport 
This sug- 
anticoagulants are unable to 


definitely had second episodes. 
that 
influence the further development of a 


gests 


coronary, thrombosis where the degene 
tive artery disease is sufficiently advanced 
Thus whereas the anticoagulants are in 


no way able to prevent acute coron 


episodes they can nevertheless aid n 


prolonging the life of these patients, by ‘he 
prevention ot 


secondary embolization 


This alone would make their use in cises 


ore 
een O 
with 
0 die 


ob 101 


REICH, EISENMENGER: STUDIE 


oronary disease worthwhile. It has 


our observation that some patients 
coronary disease are unduly sensitive 
icumarol but this was only in cases 
plicated by quite marked cardiac fail- 
The majority of the cases manifested 
weute coronary episode without any 


longed shock state and without any 


ou cle ree ot congestive failure, and 
showed no unusual sensitivity to 


imarol Presumably the increased 


tivity In Cases of congestive failure 
ie to the decreased renal blood flow 
secondary retention of dicumarol 


h is normally excreted by the kidney Ss. 
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Summary and Conclusion. From an 
analysis of our previous reported studies 
on anticoagulants dating back to 1943 and 
our present series of 300 cases we can 
summarize as follows: 1. Postoperative 
venous thrombosis and pulmonary embol- 
ism can definitely be prevented in all 
cases by the prophylactic use of anti- 
coagulants. 

2. The treatment of established throm- 
botic conditions by means of anticoagu- 
lants is effective and safe. 

3. In coronary artery disease the main 
value of the anticoagulants is the preven- 
tion of complicating embolization. 
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Two basic actions of methionine have 
established. By 


methyl groups, it acts as a lipotropic agent 


heen providing labile 


instrumental in the removal of fat from 


the liver’? and by supplying sulphydry1 


groups, it aids in the detoxification of liver 
poisons. As a result of these activities, 
it has been ascribed a therapeutic effect in 
liver well-established 


nutritional 


disease. There is 
that experimental 


cirrhosis or necrosis produced by low pro- 


evidence 


tein diet can be improved by treatment 
with methionine.:'** Furthermore, pro- 
tection against experimental liver injury 
has been provided by this substance.?8 °° 
In human cirrhosis, methionine is of proven 
value, at least if the liver is large. In 
toxic hepatitis caused, for example, by car- 
bon tetrachloride, methionine seems to be 
].4 11,12 


beneficia Its therapeutic effeet in 


infectious hepatitis of the viral type, how- 
ever, is questionable.’ 

It is extremely difficult to obtain infor- 
mation concerning the therapeutic effect 
of any procedure in viral hepatitis because 
of its erratic, unpredictable course. To 
answer this question, therefore, another 
approach, based on nutritional theories, 
may be taken. Methionine used either for 
lipotropic activity or provision of sulphy- 
dryl groups is obviously not available for 
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protein synthesis. If patients with viral 
hepatitis were given protein in an amount 
to keep them just below nitrogen equili 

rium, the addition of methionine wou 
bring them into positive nitrogen balan 

if significant amounts of methionine h: 
been used for purposes other than protell 
formation, 7. ¢., methionine deficiency wa 


present. Demonstration of methionine 


deficiency in infectious hepatitis would 
thus indicate a rationale for methionin« 
therapy in this condition. 

The réle of methionine in protein metab- 
olism has been thoroughly investigated. It 
was shown that methionine was a key amino 
acid in the regeneration of serum protein 
in adult dogs.“* It has a protein sparing 
effect in dogs on a low protein diet’ 
or in burned rats on a normal diet.’ |] 
man, however, either healthy™ or aft 
operation™ methionine 


did 


balance. 


supplementatic 


not significantly influence nitroge 


A recent extensive study ~ esta 
the hum: 


being and animals in methionine require- 


lished a difference between 


ments as well for growth as for nitroge 


balance. In 3 patients with pyloric o 


struction, to whom casein hvdrolvsa 


was given intravenously, in 2 infants ar 


in 10 volunteers who received the Sal 


preparation by mouth, the addition 


Jivision of Interchemical ¢ orporation, 


Union,N 
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methionine produced no. significant hour samples; stool and urine were examined 
for nitrogen by a modified micro-Kjeldhal 
method.?° 

The basic diet consisted of carbohydrate 
Material and Method. [Four patients with beverage, cereal of low nitrogen content, 


in growth or the nitrogen require- 


lerately severe infectious hepatitis reveal- coffee, sugar and fruits. The total amount 
e characteristic clinical symptoms and — of nitrogen provided by this diet was below 
ratory findings represented the material 500mg. per day. For the individual patients 
study During the height of the dis- the intake was kept constant during the en- 
the ere transferred to a metabolic — tire experimental period. In the nitrogen 
here they remained for 19 to 25 days. balance calculation, it was not taken into 
3390 cc 3077 Plasma volume 5033 cc 2653 ce 
158 gm 162 Totalcirculating protein 153gm 146 6m 
6, 879m 94 Total circulatingalbumin 102 gm 95 gm 
\ 
Total serum prove 
4- 
Serum 
K 
Weight 49.7 Kg 47.2 Kg 47) Kg 
Cephalin flocculation 0 
5 units Thymol turbidity - umits 3 
15 mg — Alkaline phosphatase - mg 7 
Serum bilirubin ——— 24 
A+- — Bilrubinunia — 0 
7 60 gm Amino acids (lyophilized) per day per os ———> 
Control Methionine, Control Methionine, Control 
period Sgms /day/os period 5 gms /day/os period 
oll I 
_>| 
Days- | 2934 367639 i2 13 14 15 lo 19 20 21 22 


I )f studies in a 23 year old white male who entered the hospital after 1 week of pro- 

rexia, nausea, vomiting, abdominal pains, and frequent stools) and 2 weeks of 

Phe er was 3 fingers below the right costal margin. Spleen was not felt. The experiments 
16 days after the outbreak of jaundice. The recovery was uneventful and the patient was dis- 
lO d ifter the end of the experiment. 


ous liver function tests were performed consideration. Further experimental details 
odically. In addition to blood counts are given elsewhere.”! 

urinalyses, plasma volume was deter- Practically the entire nitrogen require- 
ed according to the method of Greger- ments were provided by a modified protein 


During their stay in the metabolit hydrolysate.* The material was available 
t, they were under continuous supervision as a dried powder in 750 ce. flasks and con- 
is to guarantee reliable urine and stool — tained the essential amino acids in more than 
ection. The urine was collected in 24 adequate amount. The ability of this prepa- 


Elamine Lyophilized, provided by Interchemical Corporation, Union, New Jersey. 


nitrogen 


previously. 


patients 
definitely 


itter ot conve nience, 


experi 


+ 
> 


g 


+ 


regen 1 balance 


ON 


5 gm 


POPPER, 


Inain source 


administered orally 


amino acids per ke. body 


1.2 and 1.41 gm 


the 


(or Tor comparison, as & nitrogen equilibrium or even positive bal- 
during 1 period, 5 g 
» given orally in 3 doses during 
mental periods lasted 
6 days and were preceded and followed onset. In the l case, In which the nitrogen 


of various lengths. 


balance, 


In this experi- 
in foods or 
received 
inadequate, namely, 
weight, 
2 received amounts approximately ade- nitrogen excretion revealed a tendency 
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given Results. ‘The clinical condition of al] 
nitrogen, 


f patients improved significantly duri 
the experiment and the liver function tests 
returned to normal (Figs. 1, 2,3, 4). The 


amounts 


amounts of nitrogen given did not seem ti 


influence this process of recovery. The 


decrease during the entire experiment 
experimental period, This resulted in a gradual approach of 


mM. ance in the 3 patients in which there was 


marked negative. nitrogen balance at the 


| 


balance was positive alread) at the onset 


cc Plasma volume 2105 cc 238lec 
49.5¢gm  Totalcirculating protein 152 169 gm. 
689 gm Total circulating albumin = ‘111.5 gm 111.9 gm 


tal serum protein 


O gm. Amino acids (lyophilized) per day, i.v.— 


Control Methionine 
> + > 


period 5 gm /day/os 


345678689 


studies on an 18 year 


malaise inorexia ¢ 


2 fingers below 
V.B.C., 7000 wit 


I jaundice Jecause 


tablets (Neonine) by Wyeth, Inc Philadelphia Pennsyl 


ided as powder by Interchemical Corporation, Union, New J 


Weight 42.5 Kg 434 Kg 45.2 Kg 
4 Cephalin flocculation ————— ——2+ 

23.6 umits—— Thymol turbidity - units —93 
5 mg ——Alkaline phosphatase - mg 4 

|202 mg —— Serumbilirubin - mg — 3 
A+ Bilirubinuria —————— —0O 


12 13 4 15 16 17 18 19 202) 22 23 24 25 


old colored female who entered the hospital after 1 weel 
ind occasional vomiting) and 2 weeks of jaundice. The 1 
» costal margin. There was a secondary anemia (R.B 
66% polys). The experiments started on the 18th 

of delayed recovery the patient was discharged 4 weeks afte1 


KOZOLL, 
isl¥ 
{ 
i 
) 
i 
lad 
eight During 
64 
54 
x4 
| 
2 34 
5 ee period gm /day period 
= 
1 H.B., 53 
j 
ek 


the « xperiment 


en the patient re 


Che Suppleme nta 


| not significantly influence this process 
gradually improving nitrogen balance. 


en the 2 patien 


iate amounts of nitrogen and who were 


1 methionine, wh 
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it markedly increased weré daily variations in the nitrogen bal- 
ance partly due to variations of the fecal 
averages 


covered. 
nitrogen excretion. However, 
taken of the total methionine period as 


compared to control periods, did not prove 


| feeding of methionine 


ts who received inade- a significant nitrogen sparing effect of 


methionine. 


en the nitrogen balance The addition of lysine in 1 feeding period 


B47 cc Plasma volume 3333 cc 
; Total circulating protein 217 gm 
J Total c rculating albumin 128 6m 


x, Weight 60.6 .K¢ 60.5 Kg 
4+ Cephalin flocculation —— 0 
t Thymol turbidity units — -~43 
Ar Bilirubinuria U 
< 31 gm Amino acids (lyopmilized) per day per os > 
Methionine 


5 Om per dav per os 
Jay per os 


Nitr 


7 8910 


| 
ays 6 


1 12 13 14 15 16 17 16 19 20 


Fic. 3.—Results cf studies on a 23 year old colored male who entered the hospital after 3 days of 
lromal symptoms (lumbar pain, nausea, vomiting, epigastric fullness and dark urine). Liver and 
en wert palpable. The experiment started on the 7th day of jaundice and the patient was dis- 

ed re ed at the end of the experiment. 


is approaching equilibrium, failed to re- 
yond. When the feeding was discontin- 
-d, the following control period revealed 
all 4 patients the same general trend 
wards a positive nitrogen balance as 
iring the methionine feeding. There 


did not alter the general trend of the nitro- 
gen balance nor was any change expected. 

In the 2 patients receiving adequate 
nitrogen supply, the concentration of ser- 
um protein and albumin rose during the 
recovery; in the 2 other cases, with in- 


‘J 
m 
h 
t 
Cal ser, 
"UM prote,, 
4 
D 
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adequate nitrogen supply, it dropped more 
markedly In 2 of 
adequate and | with inadequate nitrogen 


or less t cases (1 with 
decreased. 
Fig. 1 


albumin 


supply), the volume 


plasma 
In the one with adequate supply 


the rise of the serum con- 


centration resulted in increase. of 
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MOK: 


rht rise in the total seru 
marked 


serum albumin was mirrored in an eleva- 


weight gain; a slig 


protein and a more one in thi 


tion of the circulating protein and albu- 


min. In 1 patient receiving inadequat 


nitrogen supply Fig. 


ume increased despite the 


the plasma vol- 
weight lo 


2632 cc Plasma volume 3448 cc 
165 gm Total circulating protein 208 gm 
3 gm Total circulating albumin 103 gm 
6) Total serum protein 
5+ 
5 x Serum albumin 
34 x 
Weight 803 Kg 789 Kg 
S+ Cephalin flocculation 
62 units Thymol turbidity - units ma 
3.6 mg Alkaline phosphatase - mg — 19 
103 cteric index 43 
A+ Bilrut + 
Z 
Das-' 34567691011 12 13 4 15 16 17 1819 
Results of idie I i ov year ola colored mak o entere » hospital atter 26 days 
prodromal symptoms (anorexia, malaise, weig ss) and 2 weeks of jaundice. The liver was 3 fing: 
below the costal margin. The experiment st irted « the 15th dav afte outbreak of jaundice T 
yatient was slow to recover and left the hospital 4 weeks after the end of the experiment 


the total 
compensating for the 
In the 
received an insufficient amount of protein 
Fig. 3), the total 
despite the 
excretion 


albumin 
reduction of the 


circulating serum 


plasma volume. other patient who 
protein concentration 
reduction of the 
and both circulating 
protein and albumin markedly diminished. 
In the other patient receiving adequate 


decreased, 


nitrogen 


amounts of nitrogen (Fig. 2), 


the plasma 
volume remained almost constant despite 


The former caused a marked rise in tot: 
circulating protein and albumin, althoug 
their concentration dropped slightly. TI 
total circulating hemoglobin ran, in gen- 
eral, parallel to the just described change 
Comment. According to the 
experiments, 


presente 


methionine has no prote 
sparing effect in patients with infectior 
hepatitis. This is in contrast to the ob- 
servations on dogs and other animals and 


in keeping with experiences on human 
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eings without liver diseases. A protein 
paring effect is absent even in patients 
ith markedly insufficient nitrogen sup- 
lv, in which condition the sparing effect is 
29 It has been stated 
that hair formation in the furred animals 


itspoken in dogs. 


the main reason for their difference from 
he human in the methionine effect. 

The fact that methionine, which is well 
itilized by patients with hepatic diseases,™ 

as no protein sparing effect in infectious 
epatitis offers circumstantial evidence 
iwainst methionine deficiency in this con- 
lition, at least on the basis of current 
nutritional theory. Under the given ex- 
perimental circumstances methionine be- 
omes the limiting amino acid for protein 
formation if it should be utilized for other 
yurposes TOO If this reasoning is accepted, 
uur studies do not provide an indication 
or methionine therapy in infectious hep- 
titis. It should be stressed that none of 
he examined cases were of the severe fatal 
type of hepatitis and also that obviously 
no conclusion should be drawn as to toxic 
epatitis or cirrhosis. 

If the methionine supplementation is 
lisregarded, a general decrease of the nitro- 
ven excretion is noted during the recovery 
tage of infectious hepatitis. This decrease 
ndicates an increased nitrogen excretion 
nd greater nitrogen requirements (catab- 
lic assault*!) during the height of the dis- 
ise, as similarly found in other severe 
iseases. In the recovery stage, the nega- 
ive balance decreases which in the face of 
onstant nitrogen intake amounts to de- 
reased nitrogen excretion. This decrease 
ecurs with both adequate and markedly 
nsufficient nitrogen supply though it is 
iore marked in the former condition. 
vevertheless, in acute hepatitis low nitro- 
en supply does not necessarily prevent the 
turn of the nitrogen metabolism to nor- 
al during uneventful recovery. This 
es, however, not militate against the 
ell-established fact that high protein sup- 
y may hasten recovery from hepatitis.® 

In general, improvement from hepatitis 
associated with a reduction of the plasma 
lume which increases during the height 
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of the disease.” During recovery also the 
diuresis markedly increases.'* The in- 
crease in plasma volume and the oliguria 
are apparently caused by insufficient hep- 
atic detoxification of an antidiuretic prin- 
ciple produced by the pituitary.” 

Two of the examined cases showed this 
decrease in plasma volume; in a third, it 
did not change significantly, whereas it 
rose in the fourth. The changes in the 
plasma volume were apparently not re- 
lated to the adequacy of the nitrogen in- 
take. The total circulating plasma pro- 
teins showed in the recovery stage from 
acute hepatitis peculiar trends. They did 
not necessarily drop with decreasing plas- 
ma volume because of the increase of the 
plasma concentration, especially when 
adequate amounts of nitrogen were pro- 
vided. On the other hand, with increase 
in plasma volume, they rose despite de- 
creasing serum protein concentration. In 
general, increased plasma protein concen- 
tration is associated with increase in 
plasma volume. However, in recovery 
from acute infectious hepatitis this rela- 
tion is disturbed because of reduction in 
plasma volume simultaneously with in- 
crease in plasma protein, the latter depend- 
ing on the protein nutrition. The result 
of these divergent components are irregular 
trends of the total circulating protein. It 
is not clear whether these trends have 
physiologic significance. In contrast, the 
variation of the protein concentration was 
in apparent relation to the protein intake. 

Summary. 1. Oral supplements of me- 
thionine to 4 patients with acute hepatitis 
(2 with adequate and 2 with inadequate 
nitrogen supply) failed to influence sig- 
nificantly their nitrogen balance. 

2. The lack of a protein sparing effect 
in infectious hepatitis refuted the idea of 
a methionine deficiency which may _ be 
due to use of methionine for lipotropic or 
detoxifying activity. 

3. During the recovery from infectious 
hepatitis, there is a gradual decrease of 
the nitrogen excretion indicating the dis- 
appearing catabolic assault which occurs 
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during the height of the disease. The 
trend for improvement of the nitrogen 
balance occurs also with markedly insuffi- 
clent nitrogen supply. The latter did not 
prevent recovery from the disease. 

4. In 2 cases the plasma volume de- 
creased during the recovery from hepat- 
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itis. The circulating plasma proteins 
revealed independent variation since the 
rise of the protein concentration can com- 
pensate for it. The protein concentratior 
itself, however, seemed in the examined 
cases to depend on the adequacy of the 
nitrogen supply. 
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ON THE SIGNIFICANCE OF ABNORMAL FORMS OF 
THE BALLISTOCARDIOGRAM 


A STUDY OF 234 CASES WITH 40 NECROPSIES 


By Isaac Srarr, B.S., M.D. 
PROFESSOR OF THERAPEUTIC RESEARCH 


AND 


Ropert L. Mayock, B.S., M.D. 


INSTRUCTOR IN MEDICINE 


PHILADELPHIA, 


PENNSYLVANIA 


From the Department of Therapeutic Research and the Department of Medicine, University 
of Pennsylvania 


As experience with the ballistocardio- 
graph accumulated, reports have been 
made concerning the clinical conditions 
n which certain ballistic abnormalities 
were encountered. Thus an analysis of 
the first 100 cases in which the resting 
circulation was abnormally small was pub- 
lished in 1940," and a similar study of 
the first 100 cases in which the circulation 
was abnormally large appeared in 1943." 
The great majority of these estimates 
were made by calculations from the ballis- 
tocardiograms, so that these studies con- 
tained an account of the clinical conditions 
in which we encountered ballistocardio- 
grams normal in form, but abnormal be- 
cause their amplitude was either too large 
or too small. 

[t was planned to make a similar study 
of the first 100 cases whose ballistocardio- 
grams were abnormal in form, but the 
war intervened before this could be accom- 
plished. During the war it was possible 
to take ballistocardiograms of interesting 
cases from the Medical Division of the 
University Hospital, especially from ward 
patients under the charge of the senior 
author, so the study was continued, but 
war duties prevented an analysis of the 
By the return of 
peace, ballistocardiograms abnormal in 


material assembled. 


form had been encountered in 234 cases. 
These ballistocardiograms have been re- 
studied and classified according to the 
type of abnormality encountered, and the 
hospital records of the patients have been 
analyzed in order to discover the clinical 


conditions in which such abnormalities 
were commonly found. 

In 40 of these patients with abnormal 
ballistocardiograms, necropsy was later 
performed. Comparison between ballisto- 
cardiograms, patients’ records and necrop- 
sy findings has added signally to our 
knowledge of the significance of abnormal 
records. 

To summarize our findings, records ab- 
normal in form were found chiefly in 
persons either with heart disease manifest 
by the usual clinical methods, or in condi- 
tions in which cardiac complications are 
known to be frequent. Improvement in 
form was usually accompanied by other 
evidence of obvious clinical improvement 
and vice versa. 

When a patient with a ballistocardio- 
gram abnormal in form came to necropsy, 
abnormalities of cardiac structure were 
present with few exceptions. 


Technique. The ballistocardiograms were 
taken according to our usual technique," 
after a 15 minute rest period in the horizon- 
tal position, and never within 2 hours after 
a meal. 

Abnormal forms occurring in ballistocardi- 
ograms taken in the standing position will 
be discussed only briefly in this paper. 
These records were secured after the subject 
had arisen from the horizontal table and 
stood for about 23 minutes on the vertical 
ballistocardiograph. 

Pulse records were taken in a few cases, 
using a convex tambour over the brachial 
artery connected with a Frank capsule. 
The light beam was directed into the ballisto- 


n 

I} 

he 
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cardiograph camera. Electrocardiograms, 


isually Lead I, were taken on the same film 


In many Cases 

lhe patients were drawn chiefly from the 
rooms and wards of the University Hospital. 
A few out-patients were tested. 

The Identification of Abnormality 8 of Form. 
When inspecting ballistic records one must 
always remember that any muscular move- 
ment may affect the record, so artefacts are 
quent. A single abnormal complex, no 
yw intriguing its form, is not note- 
vorthy because the chances are overwhelm- 
ing that the patient made a movement which 
distorted the record. Only those abnormali- 
ties which are regularly repeated are worthy 
or attention 

Before an abnormal complex can be identi- 
fied the normal form must be known. Ex- 
perience with almost 3000 records in medical 
students and other healthy young adults 
has permitted us to define it with confidence; 
an example is given in Figure 1-a and other 
examples can be found in our previous publi- 
cations. Line drawings of normal and abnor- 
mal records have also been published. 

In normal records, near the beginning of 
QRS on the electrocardiogram, there is a 
small upward deflection, the H wave. Then 
at or shortly after ejection the record is 
sharply deflected downward, the I wave. 
This is immediately followed by a sharp 
upward deflection, the J wave, which far 
exceeds H in height and is the dominant 
peak on the normal record. This is followed 
in turn by the second downward deflection, 
the K wave, which usually approximates 
the I wave in depth. The lines connecting 
the peaks of H, I, and J are nearly straight; 
notches or slurs are not seen. sut JK, 
straight in most records, may be interrupted 
by a conspicuous notch when the heart rate 
is unusually slow. 

Measured from the base line, the area of 
the J wave far exceeds that of any other 
deflection in the normal record, being usu- 
ally about twice the area of the preceding 
wave 

The normal ballistocardiographie pattern 
during diastole is more variable. No waves 
approaching the amplitude of I, J and K are 
seen. A ripple is usually present and the 
second upward wave (N) is often higher than 
the first (L) as in the example given in 
Figure l-a 


The waves vary in height with the phases 


of the respiratory cycle, increasing during 
inspiration.! 

These ballistic waves are a record of re 
sultants of forees derived from the heart 
and their size could be expressed numerically 
in dyne-seconds We do not believe, how- 
ever, that the time has come for a detailed 
numerical description of the record’s shape 
The abnormal forms of which we wish to 
speak can be recognized at a glance. Whil 
doubtless careful measurement would dis- 
close deviations from the normal which we 
now miss, in this study we wish to direct 
attention to abnormalities of form so gross 
that they can be easily detected by inspec- 
tion alone. 


We have paid particular attention to 
abnormalities of the I and J waves, which 
abnormalities seem to be the commonest 
and most important types. Any complex 
is judged abnormal in form if the I wave 
is rounded, notched, or flattened and if 
its area is conspit ious] reduced; or if 
the J wave peak is rounded, flattened, or 
notched, so that this peak fails to dominate 
the record. In many abnormal records 


the K wave tends to become conspicuous, 


not only because I and J diminish in size 
but also because K becomes deeper than 
in normal records. So while in normal 
records the most conspicuous wave points 
upward, and is the J wave, in many 
abnormal records the most conspicuous 
wave points downward, and is the K wave. 

Any wave in diastole whic) stands out 
from the after-vibrations, espec‘ally if it 
rivals the systolic complex in height or 
depth, is judged abnormal. 

Abnormalities of form of the H wave 
are so rarely encountered that we have 
not studied them in detail. The most 
common abnormality of this wave is a sim- 
ple increase in its size so that it equals 
or exceeds the J wave in height. How- 
ever, if the J wave is unduly reduced in 
size, the H wave is not judged abnormal 
if it equals the J wave. Absence of H is 
rarely seen but it sometimes occurs in 
healthy persons and so is not judged 
abnormal at the present time. 

This discussion of abnormality of form 
is based on ballistoecardiograms taken in 


bij 


i 


Te 


o 


ious types of abnormal ballistocardiograms in contrast with a normal record. The 
the top applies to all records. The reproduction is { of the original size. The waves 


e been lettered to assist in identifying them. a. A normal record for comparison. 6b. C. A., age 55. 
bladder disease, before operation. The I wave is absent in some complexes and poorly developed 

the remainde1 Two respiratory cycles are shown; note the similarity of the details of form in 

e corresponding positions in each respiratory cycle. c. L. B., age 45. Left bundle branch block. 
With electrocardiogram Lead I and brachial pulse. Note abnormal J waves. It is of interest that the 
ilse has a flat top also. d. X. R., age 47. Hypertensive heart disease in congestive failure. 
Venous pressure 21 em.H2O, B.P. lle. 185/135. With electrocardiogram Lead I and brachial pulse. 
Note ballistic complexes mostly of late downstroke type. The alignment of the 3 records is perfect. 


M. M., age 56. Traumatic arteriovenous communication of right shoulder. Note large diastolic 
exceeding the systolic complexes in size over part of the respiratory cycle. After surgical clos- 
e of the communication the record became normal. f. H. N., age 21 Normal female standing. 
tecord shows splitting of each wave of complexes. There is a marked respiratory variation of 


ngth of splinterings 
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the horizontal position, and it cannot be 
applied to results secured in the vertical 
position without reservations to be dis- 
cussed later. 
Results, 


in 1937, 


the start of our work 


ballistocardiograms abnormal in 


Since 
form have been secured in 234 cases. In 
compiling this and other figures several 
When the patients 
to the hospital more than once in 
the 10 year period, they 


rules were necessary. 
Callie 
were counted 
once tor each admission, therefore our 


The 


fact that the patients were often in a very 


figures are really patient-admissions. 


different clinical condition at their various 
admissions made this method of counting 
superior, but patient-admissions so 
a term that we will speak of the 


data as indicating cases. 


clumsy 
Indeed the num- 
ber of repeaters was small. 

\ single abnormal record admits a case 
to our series although other ballistocardio- 
grams taken under different clinical con- 
ditions may have been normal. 

A case having more than 1 abnormal 
ballistocardiogram during a single admis- 
sion is counted only once in our data ex- 
Often major 
surgical operation, and occasionally after 


cept as follows. after a 
a minor operation, the ballistocardiogram 
becomes abnormal in the immediate post- 
operative period, and returns to normal 
But a 


certain number of severely ill patients 


as convalescence is established. 
admitted to the surgical service for opera- 


tion Vave abnormal 


ballistocardiograms 
before operation, even though they had 
no heart disease manifest by the usual 
clinical In all these but 1 the 
record became even more abnormal in the 
this 
these cases appear in Table 2 twice, being 


studies. 


postoperative period. For reason 
included in the figures given for cases both 
before and after operation. 
Ballistocardiograms abnormal in form 
can be classified in several ways, some of 
The 


simplest and perhaps one of the most 


which are not mutually exclusive. 


important methods, is based on the pro- 
portion of abnormal complexes to those 
that 


are normal. Records in which the 


FORMS OF 


THE BALLISTOCARDIOGRAM 


form varies with the respiratory cycle, 
the 


while the larger ones remain normal, are 


smaller complexes being abnormal 


very common. In such records the pro- 
portion of abnormal complexes may vary 
from about 20 to 100%. 


so simple that no further explanation is 


This method is 


required. 

Much more difficult is a classification of 
abnormalities based on the form of com- 
plexes. The abnormal forms are extremel) 
hard both to describe and classify for 
2 reasons: (1) the variety of abnormal 
shapes encountered in different records is 
very great; and (2) the shape of the com- 
beat to 
Indeed, in the most 


plexes usually varies from beat 
in the same record. 
extreme examples, the record is so com- 
pletely confused that it defies exact de- 
scription. To bring what order was pos- 
sible into our thinking, we have devised 
the classification recorded in Table 1. In 
using it readers must realize the difficulty 
in assigning certain records to a particular 
group. The different types are not sharply 
divided and so many intergradations occur 
that 


large series of records after an interval of 


the senior author, reclassifying a 


several months, by no means obtained 
exactly the same result as in the first 
instance. 

Despite such difficulties, the abnormali- 
ties of form can be readily divided into 
In the first, the beat to 


beat variation in form is so great that no 


2 main groups. 


classification based on form can be ap- 
plied; in the second, although the form 
usually does change somewhat from beat 
to beat, a single abnormality so _predomi- 
be based 


nates that a classification can 


on it. These 2 groups form the basis of 
the classification given in Table 1. 

A further subdivision of these 2 types 
has also been attempted in Table 1. In 
69 instances the confused records occurred 
in cases in which the electrocardiogram 
demonstrated an abnormal rhythm or a 
conduction defect. So this group can be 
readily subdivided according to the elec- 
In the balance 
of this group, in 36 instances, the irregular 


trocardiographic findings. 


Ballistocardiograms showing various types of abnormality of form. The time record on 
e top applies to all records where time is not shown. The largest interval is 1 second. In the repro- 
e reduction in size is not exactly uniform, the various ballistocardiograms being reduced 


om 60 to 75 % of their original size. a. N. K., age 63. Luetic heart disease. Ballistocardio- 

im simultaneous with brachial pulse and Lead II of electrocardiogram. Note normal ballistocardio- 
grams and steep ascent of pulse when electrocardiogram approaches normal; abnormal ballistic form 
nd slow ascent of pulse when electrocardiogram shows defective intraventricular conduction. 6b. E. W., 


ige 43 Hyperthyroid heart disease. B.P. 160/90, BMR +34 Ilectrocardiogram negative 
Orthodiogram silhouette top normal. Note very abnormal ballistic form, varying with the respiratory 
yele. ec. E. W., 3 months later, on thiouracil, B.P. 126/82, BMR +5. The ballistocardiogram 


is returned to normal. d. H. K., age 53 Essential hypertension, lying at rest. B.P. 288/104. 
Note extremely abnormal record. Complexes of the late downstroke type predominate. e. H. K., 
10 minutes later, after arising. B.P. 272/140. The ballistic form is much more normal. f. E. K.., 
ige 52 Essential hypertension suspected; at rest, B.P. 145/72. Amplitude small but form is essen- 
tially normal. g. E. K., 15 minutes later, lying at rest immediately after mild exercise. B.P. 190/90. 
Only an occasional complex is normal, in the rest the abnormality varies from beat to beat with the 
respiratory cycle. 
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variations in shape could not be assigned 
tO a Cause detectable by the electrocardio- 
gram. In these instances, at least part of 
the beat to beat variation accompanied 


the re spiratory cycle. 


abnormality SO predominated that a classi- 
fication was possible. The result is re- 
corded in Table 1. It must be remembered, 
however, that included in Table 1 are 
many records which contain both normal 


A] l OCCURRENCE OF DIFFERENT Types oF ABNORMALITY OF FoRM 
No. cases 
showing 
ormality 
f rma liste 
l ised records, form varying from beat to beat, no type of abnormality predominating 105 
\. Cases with electrocardiographic abnormalities 
With ilar fibrillation $2 
Wit lutter 2 
With A-V or intraventricular block 16 
With n iltiple extrasystoles 9 
ormal sinus rhythm and without abnormalities mentioned under A 36 
with a predominant abnormal form 129 
Occurring during systole 
\ ormality of I wave only 30 
\Dnormality of J wave only 32 
Both I and J waves abnormal. K not deep 17 
I 1 J low, K deep (late downstroke tv pe 29 
\Dnormalities of the H wave only 7 
8B. Occurring during diastole 14 
I REQUENCY OF BALLISTOCARDIOGRAMS ABNORMAL IN FORM IN DIFFERENT CLINICAI 


CONDITIONS (EXPERIEN( 


E From 1937 To 1947 


N cases with 
Total No ormalities bnormalities 
D uses studied of form of form 
176 69 39 
d 112 13 12 
H l 22 2 10 
(Orga lisease 
Rheun 95 15 
( 63 50 
{ ital 34 2 6 
irditis 12 4 33 
ype in doubt 14 3 21 
luction defect in ECG primary classification in doubt) 
-\ | 6 6 100 
Intraventricular block 17 4 24 
No manife t heart disease 
( irom tne Medi il Sery ice 
Pulmonary disease 37 7 19 
Anemia 30 2 7 
Severe diabetic acidosis 3 3 100 
Others 7 
uses from the Surgical Service 
Before operation —Colonic lesions 13 7 54 
Gastric lesions 12 4 33 
Cranial lesions 11 2 18 
Biliary tract lesions 17 4 24 
Hernize 31 3 6 
ition (From 1 to 10 days postoperative 63 39 62 


When there is a dominant abnormal form 
a subdivision can be based upon the wave, 
chiefly distorted. Thus, in 129 
instances, while there was almost always 


or Waves 


some beat to beat variation in accord with 
the respiratory cycle, a single type of 


and abnormal complexes. It is according 
to the form of the abnormal complexes 
that the classification given in Table 1 
has been made. 


The Clinical Conditions in Which Ballis- 


tocardiograms Abnormal in Form Were En- 
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The cases were classified ac- 

cording to the usual clinical diagnoses anc 
| to tl l cl | diag | 
When 


a patient had more than 1 of the condi- 
tions appearing in Table 2 the following 


the results are shown in Table 2. 


rules were used. Rheumatic heart disease, 


coronary heart disease (angina pectoris 
or cardiac infarction), syphilitic heart dis- 
ease, and congenital heart disease took 
precede nee over the other diagnoses. A 
patient with angina pectoris and hyper- 
tension was Classified under coronary heart 
disease only, as coronary heart disease is 
much more likely to render the ballisto- 
abnormal. 


cardiogram Cases of hyper- 


thyroidism and hypothyroidism. (Figs. 2-b 


and 2-c) fell easily into distinct 
the 


Cases were classified as having auriculo- 


groups 


according to basal metabolic rate. 


entricular or intraventricular conduction 
defects only when the primary diagnosis 


was unknown or uncertain. 
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cases these abnormalities occurred when 
no cardiac abnormality Was suspected 
from the routine clinical examination, or 
to be anticipated from the type of disease. 

The of Ballistocardiograms 
Abnormal in Form at Different Ages. Our 
data on this point were summarized in 
Table 3. 


of abnormal records encountered in each 


Occurrence 


There will be seen the number 


decade and their relative frequency in the 
patients encountered in our studies. 

The value of the data is limited by the 
fact that a general survey of the popula- 
tion was never attempted, and the very 
nature of the test leads to a greater interest 
in testing cases suspected of heart disease 
Thus the pediatricians were inclined to 
refer to us only those children in whom 
heart this 
affected our statistics in the younger age 


disease was suspected and 


group. Similarly in the adult groups 


while in the early vears of the work all 


DIFFERENT 


rap 3.—OCCURRENCE OF BALLISTOCARDIOGRAMS ABNORMAL IN FORM IN 
AGE GROUPS 
No. showing % showing 
No. subjects ibnormalities ibnormalities 
A ge rs.) tested of form of form 
O0- 9 16 l 6 
10-19 110 10 9 
20-29 468 g 2 
30-39 275 11 
410-49 359 51 14 
50-59 269 67 25 
60-69 236 53 22 
70-79 44 11 25 
80 and over 7 1 14 
Cases were classified as hypertension clinical types were tested, in the later 


when the blood pressure exceeded 170/100 
on at least 1 examination. 
\s Table 2, 


records were found in 50% of patients 


shown in abnormal 


with coronary heart disease, and in a 
somewhat smaller proportion of cases with 
most forms of organic heart disease, and 
with intraventricular conduction defects. 
We found abnormal forms only rarely in 
congenital heart disease but the number 
tested was small. In the great majority 
of instances abnormalities of ballistic form 
of heart 


disease or those in which, like hyperthy- 


were found in manifest 


Cases 


roidism and hypertension, heart disease 


is a frequent complication. But in 58 


years our work was concentrated where 
the interest lay, in cases with manifest or 
suspected abnormalities of the heart and 
circulation. Also we tested large numbers 
of medical students and _ this has affected 
the results in the 20 to 29 year group. 

Obviously, therefore, the proportion of 
abnormalities found is of limited value, as 
it applies only to our special experience. 
But the data show clearly the one point 
we wish to make; that is, abnormalities of 
impact form occur far more frequently in 
persons over 50 years of age. 

Variation of Form With Changing Clini- 
cal State. 
of this and many have been published. 


Our records are full of instances 
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Perso uspected of a cardiac abnor- 
malit: but having a normal ballistocardio- 
gram at rest may show an abnormality of 
form if they are tested after exercise; an 
example is given in Figure 2-f and 2-g. 


In patients with manifest heart disease, 
the administration of digitalis is fre- 
que ntlv followed by ereat improvement in 
the form of the record. ! Interesting], 
enough o1ven ill-advised], to a man with 
a normal heart, the drug caused marked 
abnormalities of form in 1 case 

\ftel evere surgical ope rations the 
ballistocardiogram often becomes abnor- 
mal in form and it usually returns to nor- 
mal during convale scence. 

In a patient with a functioning tumor 
of the adrenal medulla, the ballistoeardio- 


YTaMm became abnormal in form during 


the attacks of extre me hy pertension.* 
Ins ral cases of profound anemia the 
records were abnormal in form and they 


returned to normal after the blood count 
and hen ogl Din improved. 

In manifest cardiac disease clinical im- 
provement often ace ompanied by strik- 
lig impr ement in the form of the 
ballistocardiogram 

Without attempting a complete cata- 
logue of ich « x pe riences it may be stated 


that our records abound with instances 


in \ h clinical improvement has gone 
hand in hand with improvement in ballis- 
tic form, and in which a setback has been 
accompal d by the development of ab- 


normalities of ballistic form. The reverse 


has not been seen 


Ballistocard ographic Variations in Form 
Present in the Standing Position. As soon 
as the first vertical ballistocardiograph"™ 
had been constructed it was noted that 


many of its records were more confused 
than those taken in the horizontal posi- 
tion. Some of this distortion was obvi- 
ously due to vertical vibrations in the 
building, but for the most part it seemed 
due to involuntary muscular movements 
of the patient, movements otten exagger- 
ated to the point of obvious tremor in 
those patients who were severely ill or 


who had been long confined to bed. 


After the construction of the portable 
models with electrical amplification, the 
records obtained in the horizontal position 
differed in no was from those secured by 
our first machine, but we are beginning 
to realize that the records obtained in 
the vertical position by our newer instru- 
ment are to some degree clearer and less 
distorted than those secured by our first 
apparatus. There may be more than one 
reason for this, but an obvious factor lies 
in the fact that the newer portable instru- 
ment has been set up in parts of the 
hospital far away from the jerky elevators 
which are So close to our original vertical 
machine. Doubtless for this reason the 
newer instrument does not require the 
heavy weighting and elastic cushioning 
that was essential to the earlier instrument. 

In any event, the junior author, who 
had charge of a wartime investigation 
with the newer instrument, observed cer- 
tain features of the normal vertical record 
which the senior author, whose experience 
was almost altogether with the older in- 
strument, had overlooked. After attention 
was called to them these features could 
be easily seen in the records secured by 
the older instrument as well. 

\n analysis was made of 119 records 
taken on 32 normal subjects standing on 
the newer vertical ballistocardiograph. In 


practically all of these records, there was 


a splitting or a splintering of the I and 
J waves in most of the complexes, the 
result being a complex which had an I 
wave of much smaller area in proportion 
to the J wave than in the normal horizon- 
tal records. These deviations from the 
expected normal cannot be explained as 
artefacts from a rapid vibration entering 
the record from without. because the 
have a definite pattern varying with the 
phases of respiration. A good example of 
this is shown in Figure 1-f. At full inspi- 
ration the I wave is deep and narrow. the 
J peak slurred with the highest point 
back; at expiration the I wave is broadet 
with 2 downward peaks, the J peak flat 
tened, often with the high point forward. 
In the example given in Figure 1-f these 
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eature are more pronounced than is downstroke type. Died 2/9/43. Necropsy: 
isual inv gradations between this and — heart (240 gm.) firm, reddish tan; aortic 5, 
he expected normal are found. pulmonic 7, mitral 6, tricuspid 12 em.; 

Obviously, therefore, there may occur marked thickening, shortening and fusion.of 


nh appare ntly healthy persons when stand- 


ng upright, deviations from the form 
established as norinal »” the horizontal 
O ion 

\ BETWEEN BALLISTIC 
FORM AND SUBSEQUENT NECROPSY FIND- 
iIncs. | -three patients on whom bal- 

tocardiograms were abnormal in form 
re known to have died and necropsies 
vere secured on 40 of them. The essential 
findin recorded below: only those 


heart and aorta are 


erned with the 


the mitral and aortic cusps. The rigid valves 


are about 80°, closed. Myocardium meas- 
ures: L.V. 12 mm., R.V. 10 mm. R.V. is 
hypertrophied and _ dilated Microscopic: 
myocardium is normal; 1 fibrosed Aschoff 


body in the subepicardial fat. 
chronic rheumatic heart disease 


Diagnosis: 
with mitral 
and aortic stenosis, passive congestion and 
R.V. 


infarets 


with 
trophy, multiple pulmonary 
hydrothorax. 

C. H., aged 56; ECG intraventricular con- 
duction defect; ballisto. 10/28/37, with ECG 
and pulse, most confused. Ballisto. 11/5/37 


arteriosclerosis of lungs hyper- 


and 


given in any detail; the rest of the picture 
he | ling “di shone with ECG, similar. Ballisto. 11/18/37 with 
Indicated under the heading dlagnosis . Tara ‘ 
B 1 ECG, extreme confusion. Died 12/9/37. 
ood pre aes, always taken at the ume Necropsy: heart weighed 890 gm. All the 
the time of the ballistocardiogram, is ¢hambers are dilated, the left ventricle meas- 
recorded OnLV If It Was abnormal. Micro- ures 3.5 em.. at the apex it is less than 1 cm. 
copii lings are not given when they Here the myocardium becomes gray and 
merely confirmed the gross pathologic somewhat fibrous. The coronary arteries 
diagno When an electrocardiographic | show no evidence of an ocelusion or throm- 
abnormality was known to be present, bosis. Microscopic: muscle fibers of the left 
this 1 tated ventricle are prominently enlarged. In a 
I's Primary Carptac Diacnosis at Necropsy WHEN BALLISTOCARDIOGRAM WAS 
ABNORMAL IN ForM LiFt 
Primat No 
Cardiac infarction 
Rheumatic heart disease 7 
Coronary disease without infarction 3 
Hypertrophy—associated with hypertension t 
Pericarditis 2 
Syphilitic heart disease l 
Congenital heart disease 1 
Advanced amyloidosis of heart I 
Hypertrophy and dilatation (origin unknown 1 
Cardiac lesions of doubtful significance 3 
Essentially normal* 9 


In 8 the record was abnormal only 
We are, of course, indebted to the many 
members of the Pathological Department, 
who the One 
necropsy has already been reported,’ the 


ot! 


performed necropsies. 


follow 


Table 4 


\ brief summary is given 
in 
J. R., aged 37; ballistocardiograms taken 
12, 1/4/43 and 1/14/43; extremely con- 
fused records with the form varying from 
beat to beat; only an occasional normal com- 
plex; small systolic complexes of the late 


immediately after surgical operation. 

large area the musculature is completely 
replaced by a dense fibrous tissue; the smaller 
branches of the coronary vessels show little 
thickening of the medial coat. Diagnosis: 
myocardial dilatation and hypertrophy with 
left ventricular apical infarction. 

H. S., aged 62; B.P. 170/80; ballisto. 10/ 
31/40, runs of coupled beats (too much digi- 
talis?); I waves are shallow and J flat. 
Ballisto. 11/14/40; record vompletely con- 
fused, respiratory impacts 
Necropsy (1/29/41): heart 


prominent. 
weighed 850 
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dilated 


fibrous areas 


umbers are and hy per- 


tropnied no mtarets or were 


uund; the valves were essentially normal; 
coronaries have patchy yellow intimal 
plaques, but are large and patent through- 
ut. Microscopic: hypertrophy and focal 
fibrosis Diagnos cardiac hypertrophy 


ind dilatation (moderate); dilata- 


Aortic 


marked 
tion and pulmonic valve rings. 
en nephrosclerosis with healed 


the 


Kidneys: ben 


pvelonephritis. Comment amount of 


recorded as remarkable, 


hype ophy was 
especial when compared to the insignificant 
renal changes 

J. M., aged 36; ballisto. 1/31/39; Lis abnor- 
mally all even in the most normal com- 
plexes. When the breath is held in expira- 


slurred or notched; this is also 
1e of the small complexes when he breathes 


[ic d 5 12 4(). Ne ropsy: heart 


550 I | id old fibrous adhesions between 
2 lavers of the pericardium at the base 
the heart. The right and left ventricle 


ind 1 ight auricle are hypertrophied and 


ill gray areas of fibrosis. The right 
ntricl nd auricle are dilated. There was 
severe fibrosis and stenosis of the mitral 
fish-mouth type” The aortic 
alves are thickened; along the margin of 
the cusps are numerous minute vegetations. 


musel fibers are hypertro- 
phied. Many 


sis, mostly perivascular, 


small foei of interstitial fibro- 
some containing 


ytic and epithelioid cells. Diagnosis: 


heumatic heart disease (active); mitral 
stenosis and insufficiency, verrucous vegeta- 
tions the valve margins, hypertrophy of 
the right ventricle (severe), dilatation of the 


ght auricle (marked), cardiac hypertrophy. 
H. K., aged 47; B.P. 98/72; ballisto 4/6/46. 
ries from beat to beat and almost 
Part of this 
from beat to beat is respiratory, 


rn al complexes are seen. 
Variation 
but part is not as is demonstrated by a simul- 
taneous record of respiration. In the small 
complexes J equals or is less than H in height, 
and I does not nearly reach the baseline, 
In some, H, I and J are almost flat; in others. 
a notch is produced; in these complexes K 
Is deep Che whole record looks very con- 
fused Died 5/21/46. 


eralized amyloidosis. 


Necropsy showed gen- 
The heart (540 gm.) 
involved; left ventricle 
thicker than normal, right auricle contained 
a large adherent Peri- 
cardium and valves were negative. Coron- 


is especially was 


fibrous thrombus. 
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aries were normal. The cut surface of the 
L.V old fibrous streaks. 
Sections showed a diffuse infiltration of the 
of the 
remaining muscle stained poorly; nuclei and 
lost. Diagnosis: 


mural thrombus, right auricle; amy- 


showed several 


myocardium by amyloid and mucl 
striations hyper- 
trophy; 
This was a striking case of primary 
The 


every muscle examined and in every organ 


loidosis. 
amyloidosis. amyloid was present in 
except the kidney and prostate. 

L. O., aged 54: cancer of the lower esopha- 
Ballisto. 5/19/44; normal in form. 
sallisto. 5/24/44; followed a transfusion by 
3} hours; at the time of the test the patient 
felt weak and chilly 
what 


gus. 


The reeord was some- 
abnormal in flattened 
or notched in the smaller complexes so that 


form, J being 


it searcely exceeded H in height. The opera- 
tion (5/25/44 
total gastric 
esophagectomy using the transthoracic ap- 
Ballisto 6/7 44; 
highly abnormal; rate 115; form varied from 
beat to beat. Practically 
plexes were seen, and the appearance Was 
Ballisto. 6/10 44; 


from any of the preced- 


was a rib resection and sub- 


resection: a splenectomy, an 


proach, and a gastrostomy. 


ho normal com- 


creat confusion. 
completely different 


ing ones; the amplitude was very small; J 


one of 


was conspicuously absent or much reduced. 
In many complexes J was deeply notched; 
in others, flat. Only 
complex seen. 
heart (350 
The main pulmonary artery contained a few 


an occasional norn al 
Vecropsy (6) 12 44 


essentially normal. 


was 
gm.) Was 
small, soft, reddish gray, branching thrombi. 
The right pulmonary artery was completely 
occluded by a adherent 
branching thrombi, some as much as 1 em. 
in diameter. The branches con- 
tained secondary thrombi. The left lung 
smaller thrombi. Diagnosis: 


mass of twisted 


smaller 


showed a few 
pulmonary thromboses. 

H. J., aged 66; ballisto. 6/12/44; normal 
in all respects. An exploratory laparotomy 
(6/13/44) disclosed carcinomatosis of abdom- 
inal cavity. Ballisto. 6/19/44; an abnormal 
record, the J waves being reduced on ampli- 
tude, notched or flattened. The form varied 
from beat to beat. Ballisto. 6/21/44; a 
larger amplitude but the abnormalities in 
form remained the same and very few normal 

(6/27/44) 
The tumor 
mass was primarily in the colon with metas- 


CC ym plexes were seen Ve 


heart was essentially normal. 


tases to many other organs. 
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t. S., aged 34; carcinoma of the pharynx; 
ballisto. 4/4/44, before gastrectomy; normal 
in form but abnormally small. After gas- 
trectomy permitted better feeding, the pa- 
tient’s general condition improved and the 
ballistocardiograms became larger. Those of 
1/20, 4,24 and 4/25 were all normal in form. 
The record of 4/26 is not altogether normal 


as there isa slight notching of J in the smaller 
complexes. On 5/11/44 the records were 
normal again. Necropsy (6/25/44): extreme 
emaciation; heart weighed 150 gm. (about 
yne-half the normal size for this age). It 
vas of the usual shape and firm in con- 
sistency Pericardium, valves, ventricular 


muscle, coronary arteries and sections all 
showed nothing abnormal. Cause of death: 
hemorrhage from carotid artery. The pri- 
mary site of the neoplasm was never deter- 


J. B., aged 46; ballisto. 7/2/45 and 7/5/45; 
both normal. He hada craniotomy on 4/6/45 
and on 7/12/45 the ballistocardiogram was 
extremely confused; only the largest com- 


plexes were normal and the balance of form 
varied from beat to beat, small I waves and 
deep K’s being prominent. On 7/21/46 the 
illisto. had returned to normal. Necropsy 
)/22 46): heart was entirely normal. Cause 


of death: meningioma of the olfactory groove 

G. L., aged 42. Before any ballistocardio- 
grams were taken the patient had had a 
cerebral arteriogram, on 6/5/45. The first 
ballisto. on 6/7/45 was normal. On 6/28/45 
the record was not altogether normal as some 
small complexes lacked the I wave. On 
6 29/45 craniotomy was performed. On 
75/45 the ballistocardiogram was grossly 
abnormal. No normal complexes were seen, 
the I wave being diminished or absent in all 
complexes. On 7/10/45 the ballisto was nor- 
mal once more. Necropsy (7/31/45): the 
heart was normal. Diagnosis: astrocytoma 
of the left frontal lobe. 

L. B., aged 68; ballisto. 5/16/45; only the 
largest complexes are normal, all the others 


lacking I waves almost completely. In many 
complexes the notch of I does not reach the 
baseline. On 5/17/45 an ileocolostomy was 


performed Jallisto. 5/22/45; no normal 
complexes seen, the impact form varied from 
beat to beat. The I wave was never well 
developed and many complexes were of the 
typical late downstroke type.  Ballisto. 
5/29/45 had improved; there was consider- 
able tachycardia; rate 115; most complexes 


were normal but an occasional one showed 
a notched J wave. Necropsy (6/19/45): heart 
(300 gm.) was extremely soft and flabby; the 
valves and coronary arteries were negative. 
There was a minimal fibrous pericarditis; 
the sections showed nothing abnormal. 
Diagnosis: tuberculosis of the cecum; tuber- 
culous peritonitis. 

J. T., aged 15; ballisto. 9/26/45; normal. 
On 9/27/45 he had an abdominal perineal 
resection. A ballisto. was taken on his way 
back from the operating room; in it the 
I wave was diminished or absent in all com- 
plexes. Ballisto. 10/3, 10/9 and 10/16/45; 
normal. Necropsy (1/7/46): the heart was 
normal. Diagnosis: primary carcinoma of 
the rectum with multiple peritoneal metas- 
tases. 

W. W., aged 43; ballisto. 7/9 and 7/12/45; 
normal. On 7/19/45 he had a craniotomy 
for brain tumor right fronto-parietal region 
On 7/19/45 the ballisto. was so confused by 
tremor that it could not be read. He was 
having convulsions at the time. Ballisto 
7/24/45 showed increased respiratory arches 
but the cardiac complexes were normal. 
Later in the day he had a sudden attack of 
dyspnea and became cyanotic. He died 
next day. Necropsy: heart contained a 
mural thrombus in the right auricle but was 
otherwise negative. The main pulmonary 
artery was occluded by a firm red thrombus. 
Diagnosis: a subcortical tuberculoma. 

H. L., aged 56; ballisto. 9/15/42; rate 112; 
large amplitude; I not well developed. 
Ballisto. 9/18/42; rate 90; complexes more 
distorted. H-I hardly more than a notch 
or slur; some complexes of late downstroke 
type. Ballisto. 10/12/42; rate 98; large 
complexes now normal; small ones of late 
downstroke type. Record improved since 
last test. Necropsy (7/18/44): heart (550 
gm.) is markedly enlarged, especially L.V. 
A bulging infarct of the anterior wall of the 
L.V. near the apex is extremely soft and 
hemorrhagic; the myocardium is thin and 
markedly softened. The coronary arteries 
(examined by radio-opaque injection) show 
sclerotic plaques; marked narrowing near 
the orifice of the anterior descending and a 
thrombus occluding the right coronary 6 em. 
below its orifice. Diagnosis: hypertrophy 
and dilatation of the L.V., old anterior myo- 
cardial infarction with mural thrombus. 
Severe coronary arteriosclerosis with occlu- 
sion of right coronary. 
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rate i late downstroke complexes are 


nd there is occasionally a large com- 


lex in diastol Vecropsy (6/8/41): heart 
610 gn eddish brown and rather 
labl chambers are dilated and hyper- 
trophied. Mitral valve is greatly thickened 
und th some calcification: chorda 
tendina thickened and_ shortened. The 

rti e has slight nodular tl ickenings 


Che ‘ es are patent Microscopic in 
the L.\ e patches of muscle fibers hav 


Pe] e] ed by dense scar tissue with 
embedded dilated thin-walled vessels. Diag- 
nNOS c fibrous endocarditis, mitral 
i tenosis and insufficiency, marked 
lial fibrosis; hypertrophy and 
iatat iral thrombi Remarks this 
tIor ird case of rheumatic heart 
CLISC ASE ( ebral emboli were the eause oj 
deatt 
M. | ved 30; ballisto. 10/14/37: the 
amplit ery small; in one place flat J’s 
are se t the rest of the record seems 
Partial necropsy (1/19/38 


moderately dilated 
U.D thickness Mitral valve meas- 


res O ts cusps are thickened; to them 
ure ible, red vegetations Similar 
egetatio found on aortic valve 
Dia ld rheumatic endocarditis witl 
typical te bacterial endocarditis 

A. H ed 38; ballisto. 12/14/37: auricu- 
lar fil tion; form varies markedly from 
beat to beat and is usually highly abnormal. 
Necro} 2/26/38): heart (455 om.) firm. 
reddis!| ericardial cavity contained 


LOO « l-tinged fluid Mitral orifice 


much st 1; cusps are irregularly rough- 
ened and calcified. Myocardium measures 
R.V.0.9 L.V.2.8 em Diagnosis mitral 
stenosis, dilatation and hypertrophy of right 
heart; thrombi left auricular appendage. 

Ss. M ged 45; ballisto. 12/21/39: I seems 
unusual ye in proportion to J which it 
equals | wea In most complexes; nothing 
else ab as seen. minor orade 


A.V. bloc entricular « xtrasvstoles. severe 
myocardial damag Vecropsy \4/20/39): 
rm; myocardium measures: 
L.\ » CI R.\ 0.8 to 1.2 em. Aortic 

lve sl marked thickening of cusps 
ith mueh stenosis. The coronaries are 


widely patent Microscopic chronic mvo- 


carditis and chroni ricarditis. Diagnosis 
entricles Remarks 


the diagnosis of rheumatu heart disease Was 


hypertrophy of bot 


favored though the findings were not char- 
acteristic. 

A. J., aged 56; ballisto. 9/11/42; respiratory 
Impacts prominent, cardiac impacts very 
small: systole cannot be identified with cer 
tainty Ballisto. 10/23/42; respiratory im 
pacts still prominent and _ systole 1s still 
impossible to identif\ th certainty Com 
plexes very small, and beat to beat variation 
apparently great Ballisto. 12/14/42; the 
Cheyne-Stokes respiration; huge respiratory 
impacts during breathing period overwheln 
the record; during apnea systolic complexes 
are plainly seen and they are of a most unus- 
ual shape The rate low, 48. Without a 
simultaneous ECG I am a little uncertain 
of the interpretation but I suspect that a 
stopping complex dominates the record and 
that the starting complex is of the late 


downstroke type ECG left bundle branch 


block Vecropsy (2/27/43 Heart weighed 
620 gm Three main coronary arteries 
all extremely sclerotic t] small lumina 
anterior descending and is completely ob 
structed Marked vocardial atrophy, 
numerous recent and old organized inter- 
stitial hemorrhages iegeneration, recent 
coagulation necrosis and fibrosis. Diagnosis 
coronary sclerosis, recanalizing occlusion of 


left arterv, myocardial infarction and fibrosis 


Remarks this Ss & classical example Ol 
coronary occlusion and progressive heart 
failure. 


F. T., aged 34; | 


listo. 5/10/44: reeord 
is so confused that the cardiac rhytl m can 


iot be made out, nor ean the systolic 
impacts be identified with certainty. Form 
varies from beat to beat in an irregular 
manner ECG 5/1/44 showed auricula 
fibrillation, rate was 79. All complexes were 
unusually small. Necropsy (5/11/44): heart 
(820 gm.) soft and flabby; extreme enlarge 
ment and dilatation of all chambers; the 
valve leaflets are normal: coronary arteries 
patent. Multiple sections showed no evi- 
mvocardiun Diag 
nosis: hypertropl \ ind dilatation all 


dence of disease in thi 


chambers of the heart mural thrombus, 
right auricle. Cause of death was multiple 
infarction of the lungs 
hepatitis. 

M. R., aged 59; B.P. 150/40; ballisto 


12/12/39; there is a high diastolic wave 


Primary diagnosis’ 


ann } eq 
ra 
\ 
cl 
Dl 
t 
d 
re 
} 
T 
1 
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equalling 


r exceeding J wave during inspi- 
ration but lower during expiration. The 
systolic complexes are normal. ECG showed 
minor grade heart block in Leads I and IT. 
3/25/40): heart (820 gm.) is 
enormously enlarged, especially to the left. 


Vecrops 


There are fibrous epicardial adhesions. 
he wall of the L.V. is thickened and its 
chamber very much dilated. The septum 


bulges into the R.V., materially reducing 
ts capacity. All of the valve rings are 


dilated, especially the aortic and mitral 
rings. The aortic cusps are large; the valve 
margins fibrous and thickened. The cor- 
onary orifices are slightly narrowed and 


sclerotic, but otherwise the arteries are not 
remarkable. Microscopic: muscle fibers are 
hypertrophied and there is marked intersti- 
tial edema. There is no myocardial necrosis 
syphilitic heart dis- 
ease, syphilitic aortitis with diffuse aneurys- 
mal dilatation of the aorta, severe; aortic 
insufficiency; cardiac hypertrophy and dila- 
tation; fibrous epicarditis. 

B. 8., aged 56; B.P. 180/120; ballisto. 
12/4/37; form varies from beat to beat and 
is so confused that a dominant rhythm is 
hard to 


fibrosis Diagnosis: 


identify with certainty. There is 
very marked respiratory variation. Necrop- 
sy (3/2438): heart (850 gm.) is dilated. 


Myocardium of R.V. is light reddish brown 
and flabby. There is an infarcted area in 


the left anterior wall several em. across, 
extending onto the ventricular septum; 
valves are essentially normal. The left 


anterior descending coronary artery is oc- 
cluded 2 cm. from the orifice. Below this 
the vessel is calcified and the lumen barely 
admits a pin. The right coronary is nar- 
rowed but no definite block. Microscopic: 
much replacement of muscle fibers by dense 
fibrous and hyalinized tissue. Diagnosis: 
coronary sclerosis and thrombosis with mas- 
sive infaretion of left ventricle, both recent 
and old. 

H. T., aged 13; ballisto. 10/20/37; small 
complexes of late downstroke type. A few 
of the larger complexes are normal. Ballisto. 
11/3/37; smallest complexes now extremely 
abnormal; H, I and J almost absent; K re- 
mains prominent; a few large complexes 
remain normal. Necropsy (12/22/37): sev- 
eral hundred ec. of serosanguinous fluid in 
the pericardial cavity; a shaggy gray fibrin- 
ous mass completely envelopes the heart. 
Microscopic: pericardium is greatly thick- 
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ened and contains large foci of caseation and 
necrosis. A few small distinct tubercles. 
Diagnosis: tuberculous pericarditis; miliary 
tuberculosis of the lungs. 

H. P., aged 63: ballisto. 1/11/45; while 
the large complexes are normal, the small 
ones are grossly abnormal; their form varies, 
in some J is almost flat; in others J is dis- 
torted and K deep. Necropsy (2/5/45): 
heart (not weighed) was covered with a 
hemorrhagic, fibrinous exudate; the heart 
muscle is soft and flabby and the chambers 
moderately dilated. There was no evidence 
of infarction or fibrosis. Coronary arteries 
were somewhat sclerotic. Diagnosis: acute 
fibrinous pericarditis, with hemopericardium. 
Primary carcinoma of lungs with metastasis 
to lung and lymph nodes. 

D. J., aged 13; ballisto. 10/23/42; most 
complexes are normal. In an occasional 
small complex the I wave is diminished or 
absent but the abnormality is certainly 
minimal. Necropsy (11/10/42): heart weigh- 
ed 280 gm.; coronaries are normal; pulmon- 
ary valve has shrunken cusps with rolled 
edges forming a single cork-like ring on the 
opened orifice. The other valves were nor- 
mal. The foramen ovale is a 2 em. ring 
bridged by a network of interlacing bands 
and cords but with numerous large gaps. 
Microscopic: Diag- 
pulmonary stenosis; patent foramen 
ovale; R.V. hypertrophy. Kidneys:  sub- 
acute glomerulonephritis; hydropericardium ; 
hydrothorax and ascites. Died in anasarca. 

H. H., aged 56; ballisto. 9/18/42; very 
marked respiratory arching confuses every- 
thing and systolic complexes cannot be 
certainly identified. Ballisto. 9/19/42; after 
tapping chest, respiratory impacts are gone; 
tracing is of extremely low amplitude, the 
smallest complexes being truly tiny but their 
form seems to be normal. Necropsy (10/5 
42): heart (340 gm.) contained a long coiled 
thrombus loose in the R.V., apparently a 
recent embolus. Heart was otherwise nor- 
mal. Diagnosis: carcinoma of the right lung 
and pulmonary embolism; thrombophlebitis 
of legs. 

B. H., aged 49; ballisto. 1/20/38; small 
in amplitude but normal in form. Ballisto. 
3/18/38; many ventricular extrasystoles with 
coupled beats. NSR complexes normal in 
form but VES small and variable; all com- 
plexes of very low amplitude. Necropsy 
(3/30/38) limited to the heart only; it weighed 


myocardium normal. 


nos is 
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340 gm.; there was an old infarct 3 by 2 em. 
in the anterior portion of the left ventricle 
and another 3 em. in circumference in the 
interventricular septum. Microscopic: both 
niarcts were encroached on by fibrous tis- 
sue. Diagnosis: multiple cardiac infarcts. 
Former myxedema 

M. M., aged 63; B.P. 185/85; ballisto. 
10/11/37; there is marked respiratory varia- 
tion; the largest complexes are normal, the 
smallest highly abnormal. Most of these 
latter show a striking double J peak; all have 
a prominent notch on I-J. Necropsy 

11/9/37): heart weighed 390 gm.; coronary 
arteries showed numerous yellow intimal 
thickening and small patches of calcification. 
Microscopie there was hypertrophy of 
muscle fibers, and many separated by slender 
lar fibrous strands. Diagnosis: hyper- 
trophy. Patient succumbed to a combina- 
tion of infection from her purulent bronchitis 
and the long-continued effects of a thyroid 
adenoma which had caused clinical symp- 
toms for over 30 years. 

J. R., aged 56; B.P. 188/110; ballisto. 
331/39; early M type, the J peak equals 
tly exceeds H. There is a very clear 
con pl X diastole. Died 5/6/39. Ne cropsy 


heart (550 gm.) a firm reddish brown. 
Myocardium measures: L.V. 2 em., R.V. 
lem. The valves, base of aorta and coron- 


aries show patchy sclerosis. Microscopic 
heart muscle cells large, with nuclei swollen 
and enlarged; a fine diffuse increase of inter- 
cellular fibrous tissue Diagnosis: hyper- 
trophy of L.V., arteriosclerosis of the coron- 
lenocarcinomatosis. 

EK. B., aged 34; B.P. 195/135: ballisto 
10/6/38; amplitude small; large complexes 
are normal, small are abnormal; I is small 
absent, J is often notched.  Ballisto. 
12/11/38; the record is confused, large forms 


or 


normal, and small forms abnormal, showing 
a flat J. Ballisto. 1/23/39; confused. Large 
conplexes almost normal though I is rounded, 
in small « omplexes J often notched. Area of 
[ equals J. Large L wave gives an M ap- 
pearance to small complexes. Died 1/28/39. 
Vecropsy: heart (690 gm.) reddish gray. 
Myocardium measures: L.V. 3 em., R.V. 
only 0.5 em. Endocardium, valves and cor- 
onaries are negative. Microscopic: muscle 
cells are swollen and thickened, appearing 
pale and cloudy: their nuclei are large and 
boggy and some are irregularly shaped (elk 
horn typ Diagnosis: hypertrophy of the 
left vertricle, moderate pericardial effusion. 


Histologic diaqnos hypertrophy of the 
L.V., cloudy swelling Kidneys malignant 
nephrosclerosis. 

P. N., aged 56; ballisto. 10/3/38: a eon 
fused record: only an oceasional co nplex ] 
normal. Despite the simultaneous ECG the 
identity of the waves is uncertail I is 
poorly developed, JK is sharp, followed by 
an L wave often higher than J. Died 11/19 
38. Necropsy: heart (230 em dark red 
and soft. Myocardium measures i 
1.5 em., R.V. 0.4 em Coronary arteries 
show a few raised plaques, their lumina ar 
widely patent. Microscopic indistinet 
striations and small clumps of pigment it 
the muscle bundles Liver weighed only 
820 gm., about 3 normal. Diagnosis: heart 
grossly normal. Microscopic: brown atro- 
phy of myocardium Necro} S\ did not ex- 
plain cause of death. 

J. G., aged 54; B.P. 210/135; ballisto 
2/3/39: only a few of the largest complexes 
are normal. Many large complexes show 
varying abnormalities of the I wave. Small 
complexes lack a dominant J which is often 
quite flat, and occasionally hardly rises above 
the base line. Died 5/6/39. Necropsy: heart 
(620 gm.) deep red-blue. Myocardium firm, 
measures: L.V. 2.3 em., R.V. 1 em. Endo 
cardium, valves and coronaries are normal 
Microscopic patchy fibrosis throughout 
Diagnosis: hypertrophy, patchy fibrosis of 
left myocardium. Large cyst of pancreas 
It was hard to reconcile a hypertension with 
Broncho- 
pneumonia probable cause of death. 

S. E., aged 48; B.P. 170/105: ballisto 
9/24/37; cannot be found for review: it is 


the almost negative kidneys. 


described as showing marked pre-ejection, 
downward deflection. Apparently it was 
otherwise normal. Died 11/5/37. Necropsy 
heart weighed 720 gm. Myocardium meas 
ures: L.V. 2.6 em., R.V. 1.3 em., coronari 

patent. Diagnosis: myocardial hypertrophy 
and dilatation of right auricle and ventricl 

Terminal infarctions of lungs. 

H. K., aged 47; ballisto. 4/12/38: heart 
rate is regular but the record is in the great 
est confusion. When breath is held th 
record clears up, but J is hardly larger thar 
the other waves ECG showed bundl 
branch block. Died 4/25/38. Necropsy 
heart weighed 780 gm., pericardium normal 
L.V. measures 3 em. Coronaries are athero- 
matous. Microscopic: hypertrophy, fibro 


sis; muscle fibers in some areas appeat 
swollen. The smaller coronary vessels shov 


ARR, MAYOCK: ABNORMAL 


change Diagnosis: myocardial hyper- 
ophy and fibrosis; coronary atheroma. 
eat! thrombosis of the pulmonary 
rter) arction of lungs and peribronchial 
nphangitis 

M. B., aged 64; B.P. 160/110; ballisto. 
2.138; auricular fibrillation; form varies 


beat to beat and very few complexes 


ire norma 2,7/38, N.S.R. The complexes 
re small and mostly abnormal, especially 
t l wave. Died 10 26/45. Necropsy: 
620 gm.) moderately enlarged, par- 
cularly L.\ All chambers are dilated. 
Coronary arteries are sclerotic and tortuous 
th narrowed lumina. Diagnosis: arterio- 
sclerotic heart disease. The patient died of 
cerebral hemorrhage. 


\. F., aged 46; 


ibnormal record. 


ballisto. 1/6/39; a very 
No dominant J peak, late 
Died 8/29 40. 
hypertrophied (both ven- 


lownstroke type. Ne cropsy: 


eart (0650 gm 


tricles Infaret on posterior wall of L.V. 
Coro! vessels small, straight, sclerotic 

it not occluded. The aortic valve is thick- 
ned and the edges rolled; the mitral valve 


slightly tl ckened. 


nd dilatat mn, 


Diagnosis: hypertrophy 


coronary sclerosis with nar- 


ng and myocardial infarction. Sclerosis 
alive. 

( S., aged 43; ballisto. 2/3/41; record 
mplete confused by dyspnea. When 
eath is held impacts are of good amplitude 
nd n il in form. 2/10/41, after loss of 
7 liters of fluid ballisto. same as 2/3/41. 
2/18/41, amplitude still large. J is notched. 
28/41, she has lost 16 liters of fluid; form 
ery abnormal; deep K very prominent. 
} 41, form extremely bizarre and confused. 


3/2041, she has lost 71 pounds of fluid; K 
ery deep, probably a delaved stopping im- 


pact. 12 10/42, complete confusion. 9/18/43 
ECG auricular fibrillation. Necropsy (10 
20) 44 heart (1000 gm.) is massively en- 
irged, both ventricles. Tricuspid and mitral 
alves are thickened and contracted, and 


chords tendinege thickened, fused and short- 
ened. Myocardium measures: R.V. 10 to 
15 mm., L.V. 20 to 25 mm.; soft and flabby. 
rteries are patent. Microscopic: 
ibers are thickened and there are scattered 
degeneration and fibrosis. Diagno- 
ve hypertrophy and dilatation of 
oth ventricles; auricular dilatation; healed 
neumatic endocarditis. Liver showed early 
rrhosis and fatty degeneration. 

B. M., aged 19; ballisto. 3/29/43; I wave 


was almost always abnormal. Usually it is 
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little developed; an abnormal downstroke 
sometimes precedes I and exceeds it in size. 
Necropsy (11/21/43): heart (350 gm.) shows 
extreme hypertrophy and dilatation of the 
right ventricle and the left auricle. The 
aortic, mitral and tricuspid valves are scler- 
osed with extreme mitral stenosis (Grade IV). 
LV. om., 
Microscopic: the mitral valve shows 
definite evidence of rheumatic involvement. 
No typical Aschoff noted. 
Diagnosis: rheumatic heart disease, hyper- 
trophy and dilatation (right ventricle and 
left auricle), aortic, mitral and tricuspid 
valvulitis, myocarditis, mural thrombus. 
Patient died suddenly, probably due to cere- 
bral involvement by a fragment of the 
thrombus. 

H. G.. aged 55: 


coronary 


Myocardium measures: 
0.6em. 


be dies were 


ballisto. 12/28/38, after 

auricular fibrillation; 
rate 160; extreme confusion, great beat to 
beat variation.  Ballisto. 2/24/39, N.S.R. 
Very high H, deep I, J about the same 


oeclusion, 


as H. A very interesting early M tracing. 
Necropsy (6/7/39): heart (350 gm.) red 
brown; anterior tip of the L.V. is in- 


farcted and adherent to the pericardium; 
here the color is grayish and the wall 
thin. L.V. 


negative. 


measures 1.6 em. Valves are 
Anterior descending coronary oc- 
cluded 3 em. from its origin by an organiz- 
ing thrombus. Diagnosis: coronary throm- 
bosis with myocardial infarction; pericardial 
adhesion and arteriosclerosis of coronaries. 
Healing myocardial infaret and organizing 
thrombus. Patient died of 
teremia and multiple liver abscesses. 
These results show clearly that ballisto- 
cardiograms abnormal in form are found 


coronary bac- 


chiefly in patients whose hearts contain 
some type of structural abnormality. If 
one omits the patients whose records be- 
came abnormal only after operation, a 
group in which the records usually re- 
turned to normal before death, the evi- 
dence for this is even more striking; 28 
of 32 cases (85% of those with abnormal 
ballistocardiograms who came to necropsy ) 
had some important structural abnormal- 
ity of the heart, as is summarized in 
Table 4. 


brown atrophy of 


Of the remaining 4, 1 had a 
the myocardium, 1 
had a patchy fibrosis of the myocardium 
and in 2 there were advanced pathologic 
changes in the lungs which may well have 


handicapped cardiac function by obstruct- 
ing the pulmonary circulation. 

Not included in the 40 cases mentioned 
above are 2 cases reported before.’ Both 
of these had ballistocardiograms normal 
in form during life, and at necropsy their 
hearts were normal also. 

Discussion. Experience in the clinic 
and at the autopsy table can be summar- 
ized as follows: Never encountered in 
healthy young adults in the horizontal 
position, ballistocardiograms abnormal in 
form are obtained chiefly from patients 
who present indisputable evidence of 
heart disease. In the absence of such 
evidence, abnormalities of ballistic form 
are found largely in conditions in which 
cardiac complications recognizable by the 
usual clinical methods, are prone to de- 
velop \nother characteristic of these 
abnormalities is the tendency to occur 
with greatest frequency in patients after 
50 years of age; that is, in the age in 
which the degenerative heart diseases are 
found with increasing frequency. Thus 
we have good reasons to believe that a 
ballistocardiogram abnormal in form indi- 
cates myo ardial abnormality. 

It is also true that ballistocardiograms 
abnormal in form were found in 58 cases 
in which no cardiac disease was suspected, 
and that in 9 eases abnormal ballistocardio- 
grams were found during life although the 
heart was normal at necropsy. We 
believe thi finding is to be expected. 
Cardiae drugs such as digitalis profoundly 
affect cardiac function, and may render 
the ballistocardiogram abnormal in form, 
but they leave no traces which can be 
detected by gross or microscopic examina- 
tion of the heart. So it does not surprise 
us that disease can produce similar 
“functional” abnormalities, not to be 
detected by the usual examination or to 
be found at autopsy, a fact which does 
not diminish their importance. Many 
abnormalities detected by the electrocardi- 
ogram are of this type. So these results 
are not inconsistent with our belief that 


a ballistocardiogram abnormal in form 
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indicates a myocardial abnormality worthy 
of attention by clinicians. 

It should also be pointed out that many 
cases with rheumatic and other types of 
organic heart disease, give normal ballisto- 
cardiograms. We have confirmed this 
several times at necropsy, so we have no 
doubt that normal ballistocardiograms 
are found frequently in patients with 
structurally abnormal hearts. Obviously, 
therefore, abnormality of ballistic form 
is not to be thought of as caused by, or as 
diagnostic of, the structural abnormalities 
recognized by the pathologist. It repre- 
sents a type of abnormality of cardiac 
function which could not be detected 
hitherto, a physiologic type, usually asso- 
ciated with the recognized structural 
types of abnormality, but by no means 
necessarily so. 

Furthermore, our experience suggests 
that this abnormality is serious. While 
we have not attempted a follow-up of our 
234 cases, 53 are known to have died. 
Of the 4 subjects tested as normal but 
found to have records abnormal in form, 
only 1 survived the 8 to 10 year period 
without developing serious heart disease.* 

We are only at the beginning of our 
attempts to discern the relative serious- 
ness of the many types of abnormalities 
found in our records but a few impressions 
should be recorded here. When only the 
smallest complex in each respiratory cycle 
is abnormal in form, the prognosis is often 
not serious. We have followed 2 such 
cases for 10 years, the ballistic abnormal- 
ity has remained unchanged during all 
this time. Now aged 62 and 63, their 
cardiac health has remained good, 1 re- 
cently withstood a herniorrhaphy without 
trouble, and both lead normal though not 
very active lives as college professors. On 
the other hand, persons giving records 
with every complex distorted almost 
always show every evidence of being seri- 
ously ill. So we believe that the per- 
centage of abnormal complexes is an indi- 
cation of the severity of the cardiac 
abnormality. 


Experience to date does not permit us 
to decide which of the great variety of 
abnormal shapes is of most serious import, 
but it seems likely that the greater the 
distortion of the ballistocardiogram, the 
more serious the abnormality. 

\ study of this type does but little to 
advance our knowledge of the fundamental 
cause of the abnormalities of impact form. 
The belief that the form of the ballisto- 
cardiogram is determined by the shape of 
the cardiac ejection velocity curve is sup- 
ported by direct experiments to be pub- 
lished elsewhere. Data encountered dur- 
ing the present study give indirect support 
to this view. In Figure 2-a are shown 
records of a case with varying bundle 
branch block. When the electrocardio- 
gram is normal the ballistocardiogram is 
normal also and the pulse wave rises 
abruptly. When the electrocardiogram is 
abnormal, the ballistocardiogram becomes 
abnormal also and the pulse rises much 
more slowly, evidence that the curve of 
ejection velocity has altered. 

While many types of ballistic abnormali- 
ties of form may be thus explained, one 
must recall that in disease the 2 sides of the 
heart may not be affected similarly. Char- 
acteristic changes of form may be expected 
if the ejection of 1 side remains normal 
while the other accelerates the blood more 
slowly. Our best example of this, a record 
secured in a case of left ventricular aneu- 
rysm, has been reproduced in another pub- 
lication.'° Its abnormality, an abnormal 
J wave, flattened or notched, the form 
varying with the phases of respiration, 
may well be characteristic of this condi- 
dition. The notched J peak seen in some 
eases of bundle branch block may well 
have a similar explanation; an example is 
given in Figure l-c and here the delayed 
rise of the pulse wave as well as its dis- 
torted peak, suggest that ejection from the 
left side was abnormal. But it must be 
emphasized that many cases of bundle 
branch block have normal ballistocardio- 
grams. 

If one accepts the idea that abnormali- 
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ties of ballistic form are due to abnormali- 
ties in the manner in which the heart 
ejects blood, most of our findings can be 
readily explained. Most cases in which 
the form of the ballistocardiogram varies 
irregularly from beat to beat have major 
electrocardiographic abnormalities. In au- 
ricular fibrillation and flutter, because of 
abnormal excitation, the heart’s contrac- 
tions vary in strength as well as in time, 
and the systolic complexes of the ballisto- 
cardiograms are accordingly distorted. 
In addition, irregularity of rate makes a 
variation in cardiac filling which tends to 
permit stronger beats after the longer 
pauses. In complete block, when the 
auricular beat has its normal time rela- 
tion to ventricular systole, the ballisto- 
cardiogram may become normal or most 
nearly so, in contrast to the small and dis- 


torted complexes often seen when the 2 


beats are dissociated. Obviously better 
filling in the first instance permits a more 
normal ventricular contraction. 

The cases in which the form varies with 
the respiratory cycle can be explained 
similarly. A variation in cardiac filling 
is induced by the pressure changes of the 
respiratory cycle.!° Apparently the weak- 
ened heart contracts in a manner most 
nearly normal when it is well filled, for 
the ballistocardiogram is normal or most 


) 


nearly approaches the normal, at the 
height of inspiration in all such cases; 
when filling is less adequate abnormalities 
of ejection manifest themselves and are 
reflected in abnormal ballistic form. This 
might indeed be expected from Starling’s 
Law of the Heart. 

Not so readily explained are a few irregu- 
lar and distorted records not accompanied 
by electrocardiographic abnormalities and 
not varying with respiration. These 
records are so seldom found in any except 
very sick patients that experience has led 
us to suspect that the patient’s condition 
is serious whenever a record of this type 
is seen. In some cases diaphragmatic im- 
pacts complicate the record, but these can 
be readily identified by their absence when 
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the breath is held. To explain this abnor- 
mality, we recall experience with sub- 
jects who fainted while standing on the 
vertical ballistocardiograph.® Before they 
collapsed, the record was always distorted 
by impacts from muscular movements 
which may well have been purposeful, that 
is, designed to support a failing circulation. 
Perhaps some extremely ill patients utilize 
the same mechanism to support a failing 
circulation in the horizontal position. So 
it may well be that movements of the 
skeletal muscles, too small to be perceived 
by the unaided eye, are the cause of the 
completely irregular ballistocardiograms 
obtained in some seriously ill persons. 

This study provides some interesting 
data on the genesis of abnormal diastolic 
waves. The record (Figure l-e) of a case 
with a large arteriovenous communication 
shows such a large diastolic wave that it 
exceeded the S\ stolic complex in size, over 
part of the respiratory cycle. After closure 
of the communication, the diastolic abnor- 
mality disappeared completely. It seems 
evident that the increased pressure in the 
venous side propelled the blood into the 
relaxing heart with so much force that a 
large impact resulted. In a case of con- 
strictive pericarditis, also with high ven- 
ous pressure, a large diastolic complex was 
seen, and it proved to be simultaneous 
with the collapse of the venous pulse re- 
corded optically on the same film, so evi- 
dently the same explanation holds. 

In a case of aortic regurgitation, demon- 
strated at autopsy, the large diastolic wave 
was doubtless due to blood running back 
into the heart during diastole. Indeed, 
most of the abnormalities of ballistic form 
have physiologic explanations which seem 
satisfactory enough. 

An abnormality of form, absent in the 
record taken at rest, may be easily demon- 
strable after exercise. Figures 2-f and g 
give examples of this and the explanation 
seems obvious; a slightly diseased heart, 
able to expel the blood normally during 
rest, is unable to do so when extra work 
is demanded of it. 


Not so easily explained are 2 observa- 
tions associated with the standing posi- 
tion. Certain small deviations are judged 
abnormal in records secured in subjects 
in the horizontal position because they 
are never found when the subject is 
healthy. But similar deviations are found 
frequently in records taken in healthy 
subjects standing upright (Fig. 1-f) and 
SO these deviations cannot be regarded as 
abnormal in standing subjects. Indeed 
a healthy subject giving a normal record 
when horizontal may show these deviations 
after he arises. The-reason for this is far 
from clear to us. Perhaps asynchronism of 
ejection of the 2 sides of the heart, sug- 
gested by observation made by aorta and 
pulmonary artery by the electrokymo- 
graph,! is the explanation. Such asyn- 
chronism, were it present only in the up- 
right position, would explain our findings. 

We were also surprised to find that 
many patients, giving abnormal records 
at rest, gave records more normal in form 
after they arose and stood upright. An 
example is given in Figure 2-d and 2-e. 
Though another explanation was consid- 
ered,’ it is simpler to assume that this 
finding occurs in persons whose cardiac 
output diminishes on assuming the stand- 
ing position, a change which relieves the 
heart of strain, so that in the upright 
position less blood needs be ejected and 
a weakened heart can do this in a more 
normal manner. 

The relationship between the abnor- 
malities of form of the ballistocardiogram, 
and those of the electrocardiogram de- 
serves some further discussion. The 
major abnormalities of rhythm, such as 
auricular fibrillation, flutter and block, are 
usually accompanied by ballistocardio- 
gram S abnormal in form. But it must 
be emphasized that the electrocardio- 
gram and the ballistocardiogram detect 
abnormalities of a very different kind 
which are often, but need not be always, 
associated. Thus auricular fibrillation 
accompanied by ballistocardiograms en- 
tirely normal in form is not uncommon, 
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an indi ation that despite an abnormality 
of excitation the ventricle may still expel 
blood normally. 

Th 


mality 


significance of the cardiac abnor- 
identified by ballistocardiograms 
ibnormal in form can best be presented 
by a crude example. The senior author 
once watched 2 men engaged in lifting a 
series of heavy milk cans from the ground 


onto a truck. The cans were lifted one 


at a time, each man working without 
assistance, and 1 workman followed the 


intervals until the truck 
Therefore, the physical work 


‘ 
the 2 


other at regular 
Was loade 

performed by men in loading the 
truck was 
from the product of the weight lifted and 
But the man- 


ner in which the 2 men performed their 


equal; it could be calculated 
the distance it was raised. 
task was very different, One of them, a 
young and powerful person, raised his cans 
with a quick heave, while the other, an 
older and slighter man raised his far more 
slowl, The difference lay in the time 
required to do the lifting; the younger 
man could have lifted 2 cans in the time 
the older man took for 1. To use the ter- 
minology of the physicists, the younger 
man had more power. 
the 
that maximum velocity is 


Similarly, when heart accelerates 
the blood so 
reached early in systole it is demonstrat- 
than if the 


though the car- 


ing more power blood is 
accelerated more slowly, 
diac output may be the same in the 2 in- 
stances Indeed, our results provide evi- 
dence that a weakening heart saves itself 
by lifting its load more slowly, just as a 
weakening man would tend to do. 

Finally, we must point out the relation- 
ship between this physiologic abnormality 
of the heart detected by changes in form 
of the ballistocardiogram and that identi- 
fied by one of the very oldest of clinical 
examinations, the palpation of the pulse. 
The abrupt pressure change which is de- 
tected as a strong pulse has its genesis in 
the rapid acceleration of the blood by the 


heart, and the more gradual change char- 


FORMS OF 


THE BALLISTOCARDIOGRAM O49 
acteristic of a soft pulse has its origin in a 
But periph- 
eral factors also enter into the form of the 
And we that no 
clinician, however skilled, could deduce 
from palpation or record of the pulse, the 
many abnormalities so easily detected by 
the ballistocardiogram. 


slower acceleration of blood. 


pulse wave. believe 


Summary. Ballistocardiograms abnor- 
mal in have been encountered in 
234 cases, of which 40 came to necropsy, 
during the past 10 years. The ballistic, 
clinical and necropsy records of these cases 
and the results 


form 


have been compared 
analyzed. 
The 


ballistic form are described. 


various types of abnormalities of 
This form 
may vary from beat to beat, or it may 
vary with respiration so that in many 
cases no one type of complex predominates. 
In other cases 1 type of abnormality does 
predominate, but there is usually some 
beat to beat variation. 
Abnormalities of ballistic form 
encountered most frequently in the cases 
in which there was manifold evidence of 
heart disease, or in conditions such as hy- 
pertension and hyperthyroidism in which 
heart disease is a frequent complication. 
They were found with great frequency in 
structural 
were later demonstrated at 
Nevertheless, ballistic abnor- 
encountered in 
58 cases in which no cardiac abnormality 


were 


which abnormalities 
of the heart 


necropsy. 


cases in 


malities of form were 
had been suspected, and in 8 cases in 
which the heart was essentially normal 
at necropsy. 

It is concluded that an abnormality of 
ballistic form indicates an important type 
of cardiac dysfunction, the manifestation 
of an abnormal manner of contraction. 
This functional abnormality is usually 
associated with well-known kinds of struc- 
tural abnormality, but it has also been 
found quite frequently when cardiac dis- 
was detected by the routine 


ease not 


clinical tests now in use. 
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A COMPARATIVE EVALUATION OF TETRAETHYLAMMONIUM CHLORIDE 
AND SODIUM AMYTAL IN PATIENTS WITH HYPERTENSIVE 
CARDIOVASCULAR DISEASE* 


By IRENE G. Tamacna. M.D). 
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IN 1945 \cheson and Moe! deseribed the 


harmacologic action of tetraethylam- 
ijonium quarterinary ammonium ion, 
hich blocks the transmission of  post- 
yanglionic nerve impulses at the sympa- 
etic ganglia. This temporary paralysis 
ocks vasoconstrictor impulses and results 


na drop in blood pressure. It appears, 


therefore, that tetraethyvlammonium chlo- 


de ha pecific action? *!° on the same 
tructure which are removed in the 
perative procedure known as thoracolum- 
al yvmpathectomy. 


\n opportunity arose to study the effect 
this ot 


The same Cases were 


drugt on a= sizable number 


Vperten e 


cases 
Iso 
Phe 


tandard procedure in evaluation of hyper- 


ted to the sodium amytal test. 


of sodium amytal is a fairly 


ensive ubye cts.5 The test* consists in the 


ral administration of 3 grains of sodium 
imytal at hourly intervals for 3 doses. 
The blood pressure is taken at 30 minute 


als 


Sodium amytal lowers the blood pres- 


nter for 4 to 6 hours. 


ire mainly by depression of the central 


ervous system. It depresses the vaso- 
otor center;’" it acts on the hypothal- 
1US; it depresses the proprioceptive 
iechanism regulating the vasomotor 
yne;® and it dilates the peripheral blood 
essels by direct action. Obviously, 
odium amytal does not produce a specific 


aralvzing action on the structures re- 
\ preliminary report of this study was presente 
pril 14, 1947 


Supplied by Parke Davis & Company. 


moved by surgery in thoracolumbar sym- 
pathectomy. It was thought, therefore, 
that tetraethvlammonium chloride might 


provide a more specific and valuable test. 


Technique. The technique of the tetra- 
ethylammonium chloride test is as follows: 
Control blood pressure readings are taken at 


bedrest. The arm with the lower blood 
pressure 1s used throughout the test. Two 
ce, (0.2 mg.) of tetraethvlammonium chloride 


is injected slowly, intravenously, over a 
period of 1 to 14 minutes. The blood pressure 
is taken at 30 second intervals during the 
at 1 minute intervals there- 
after until the control level is reached. The 
lowest levels are reached 1 to 3 minutes after 


starting the injection. 


injection, and 


In almost every case 
4 secondary drop in blood pressure oecurred 
about 10 minutes after the injection. This 
was never as extensive as the primary drop. 
in 


\ comparison the patient 


between the tetraethylammonium chloride 


same 


and the sodium amytal tests is shown in 
Figure |. It is drawn on a semilogarith- 
mic seale which progressively reduces the 
The 


formed on following days. 


hourly intervals. tests were per- 
The control 
blood pressure was 200/135 in both tests. 
During the sodium amytal test, the lowest 
level (160/110 


utes. In contrast, only 3 minutes after the 


was reached after 90 min- 


administration of tetraethylammonium 
chloride the blood pressure dropped to the 
same level. The tetraethylammonium 


1d at a meeting of the New York Heart Association, 


Fic. 1 Graphic compari 
Ww il licates the beginni 
Che shaded area refers to t 


dium amytal test 


No. Cases 


yn between the tetraethylammonium chloride and sodium amytal test. The 
rf tl intravenous Injection of 2 ce. ol tetraethvlammonium chloride 
he tetraethylimmonium chloride test The inshaded rea refers to thi 
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irison of the fall of diastolic blood pressure in sodium amytal and tetraethylammoniun 


chloride tests (68 hypertensive cases.) 
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iloride test was completed in 27 minutes, diastolic fall during the tetraethylam- 
vhile the sodium amytal test required monium chloride test of 75 to 90 mm., 

hours. while the level dropped only 30 to 40 mm. 
Results. In 68 hypertensive cases the during the sodium amytal test. The first 
etraethylammonium chloride and sodium 2 cases showed evidence of mild circu- 
nytal tests were compared. All blood latory distress following the administra- 
ressure readings were taken by a compe-_ tion of tetraethylammonium chloride. A 
ent and experienced nurse technician. A — similar reaction was observed by Lyons and 
arked parallelism in both the systolicand Moe in patients with malignant hyper- 


liastolic drops was observed.’ In the fol-  tension.’° The 4th case showed a more 
owing discussion, reference will be made — extensive drop in diastolic level during the 
nly to the diastolic blood pressure. sodium amytal test than during the tetra- 
mm 
Drop | 
TEAL. 
90 TEAC 
x 
80 | TEAC. 
| 90: SA. 
85. 
50 Ss] 
SA. +75. 
30 
20 
POX x 


biast Control BP 120 120 175 170 150 170 U5 120 


atter the Jest 90 30 (35 85 120 95 60 100 


cases showing a marked discrepancy in the fall in diastolic blood pressure between the 
sodium amytal and the tetraethylammonium chloride test. 


Comparing the differences between the ethylammonium chloride test. In this case, 
ontrol and lowest diastolic levels obtained _ the intravenous injection of tetraethylam- 
luring the sodium amytal tests with those monium chloride was painful because of 
/btained following the administration of poor technique. Perhaps the blood pres- 
etraethylammonium chloride, it wasfound — sure failed to drop because of increased 
hat these drops varied by lessthanl15mm. amounts of circulating epinephrine, sec- 
n 51 cases, by 15 to 30 mm. in 13 cases, ondary to the pain of the injection. 
nd above 30 mm. in 4 cases (Fig. 2). In our experience, side reactions to the 

Figure 3 shows the 4 cases in which there __tetraethylammonium chloride have been 
as a marked discrepancy between the 2 _ insignificant. They consisted in immediate 
ests. In the first 3 cases, the diagnosis was __ tingling sensations in the extremities and 
nalignant hypertension. These showed a tongue, and lasted only a few minutes. 


| 
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Transient dizziness and weakness, pallor 
and visible perspiration were noted in 2 
patients with malignant hypertension. 

EKlectrocardiograms were not altered 
during the tetraethylammonium chloride 
or sodrum amytal tests. 


Discussion. Tetraethylammonium chlo- 
ride as compared with sodium amytal 
appears to be a safe and more specific 
agent for the preoperative evaluation of 
hypertensive patients. Results are ob- 
tained within 30 minutes, as compared to 


thank Dr. J. W. Hinton for tl 
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5 hours with sodium amytal. The patient 
is awake throughout the test, as compare 


to a day of drowsiness from sodiun 


amytal. There is a marked parallelism it 
n both tests 


\ study of the correlation between the 


the drop in blood pressure 
tests from the prognostic point of view 
is In progress. 

Summary. 


and tetraethyvlammonium chloride wa 


The effect of sodium amyta 


studied on 68 hy pe rtensive patients and a 
marked parallelism in the drop of blood 


pressure was observed in both tests. 
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THe hemorrhagic complications of hy- 
pertension are well known to physicians 
ind unfortunately are both known and 
feared by 
{ny method of study which is capable of 


individuals with hypertension. 


predicting such a development is worthy 


ff becoming a routine procedure in the 


The eval- 


tation of results of prophylactic treatment, 


tudy of hypertensive patients. 


available, would then rest on a firm 
Dass It has recently been suggested by 
Griffith and Lindauer‘ that there is a close 
issociation between capillary hemorrhages 
ind cerebral apoplexy. In fact, they go 
» far as to say that “ persons with increas- 
ed « apillary 
14 


lispose (| 


fragility are especially pre- 
» apoplexy, retinal hemorrhages 
ind death.”’ 

Previous 


issociation ot 


studies had been made of the 
these 2 phenomena by 
Weismann,® Levrat and Ballinet,® Beaser, 
Marked 


in results were obtained which 


Rudy and Seligman,' and others. 


lifferences 


lepended apparently on the technique 
ised in performing the so-called capillary 
fragility test. Levrat and Ballinet ob- 
tained 85 % positive reactors using a supra- 
liastolic positive pressure technique, and 
Griffith and Lindauer obtained 18% posi- 
ive reactors using an infradiastolic posi- 
tive pressure technique. It is interesting 
to note that neither of these percentages 
; similar to those usually reported of the 
number of hypertensives who suffer a 
erebral hemorrhage. 

Obviously, 


vest that 


such differences in results 
the different techniques may 
e testing different functions relating to 
subcutaneous petechial hemorrhages, any 


one of which, or any combination of which, 
or all of which, may not be related to 
the cerebral hemorrhage of hypertension. 
Many 


already discussed various aspects of the 


of the former investigators have 


significance of different techniques. The 
test can, of course, be performed at such 
a low positive pressure as to produce 100% 
negative reactions, and it may be possible 
to perform the test at such a high pressure 
as to obtain 100% positive reactions. It 
is also known that there is no relationship 
between the positive pressure technique 
and the negative pressure (suction) tech- 
nique.” 

Gothlin® had already developed an infra- 
diastolic positive pressure test for sub- 
Griffith and Lindauer 
used this test for capillary fragility in 
hypertension. It is well known that sub- 
clinical scurvy is present in many diseased 


clinical scurvy. 


states, and indeed may be present in the 
apparently healthy young adult. It ap- 
reévaluate 
Gothlin’s procedure as a test for capillary 


peared to us necessary to 
fragility in hypertension, but only after 


subclinical had been excluded. 


The simplest way to do this is to saturate 


scurvy 


patients with vitamin C before performing 
the Géthlin test. It was also thought 
desirable to compare the Géthlin reaction 


with the Rumpel-Leede® ‘ 


Methods and Material. A capsule con- 
taining 50 mg. of ascorbie acid, 50 mg. of 
niacinamide, 5 mg. of thiamin chloride and 
3 mg. of riboflavin, had been given to all 
patients studied, 3 times daily for at least 
1 month prior to the tests. 

The modification of the Géthlin test sug- 


reaction. 


n 
¢ 
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gested by Griffith and Lindauer was used as 
the I idiastolic positive pressure technique. 
he readings were recorded both in daylight 
nd with the aid of a 300 watt lamp. The 
S ipradiastolie technique used Was the one 
ordinarily known as the Rumpel-Leede test. 
This is inflating the blood 
pressure cuff to approximately 10 mm. of 

| 


mereurv above 


performed by 
the diastolic pressure of the 
patient and keeping it inflated for 5 minutes. 
After deflation of the cuff and after cyanosis 
has disappeared, the number of petechie 


present 1n a 2.5 cm. square area, 4 em. below 
the crease of the elbow Was counted. Any 
number below 20 was regarded as normal 


and any number above 20 was regarded as 
abnormal. This division into normal and 
abnormal reactions is generally accepted by 
The Géthlin test was 
performed before the Rumpel-Leede test and 
the Gothlin test was not repeated at inter- 
vals of less than 1 month. The Gothlin test 
was read both in daylight and with the aid 
of a 300 watt lamp and a small magnifying 
If the Gothlin test was negative in 
oth arms, the Rumpel-Leede test was per- 
‘ally on 


most hematologists. 


formed immediately afterwards 
the right arm. 

Twenty-five non-hypertensive patients and 
Ten 


the non-hypertensive patients were con- 


50 hypertensive patients were studied. 
of 

valescing from tuberculosis at the Eagleville 
ito! The other 15 patients had com- 
non-infectious and 
attending our out-patient medical clinic, or 
on our medical wards. No selection of 
patients was made beyond the requirements 
that the \ 
capsule 


sal lum 


plaints of nature were 


were 
should have been on the vitamin 


least 
| month and should have no acute infections. 


previously described for at 


Only 1 diabetic patient was included in our 
contri (the being that 
medical clinie ordinarily refers the 


| series reason our 
general 


diabetic patients to a special clinic). 


Results. 
positive Géthlin and a positive Rumpel- 
Leede test. 
patient 


Of the controls, only 1 gave a 


He was our only diabetic 
[t is possible that, if we had more 
diabetic patients in our control group, 
the number of positives might have been 
higher 
both a 


The remaining 24 patients gave 
Gothlin 
Rumpel-Leede reaction. 


negative and negative 


Fifty hy pertensive patients were studied. 


*RAGILITY 


IN HYPERTENSION 

Most of these patients were from our 
medical clinic where they had been fol- 
to more thar 
The 
rest were private patients whose hyper 
of duration 
prvate patents wer 


lowed for several months 


10 years as hypertensive: patients. 
tension likewise 
The 


done, for the most part, while these pa 


was vears 


tests on the 
tients were hospitalized for treatment of 
their hypertension or complications oO] 
hypertension, or for the evaluation of th 
treatment best for then 
\ few were studied in our 


type of suited 
hypertension. 
office. 

All of our patients had numerous blood 
pressure readings during months or vears 

The criterion for a diagnosis of hyper- 
tension Was a diastolic blood pressure ol 
Only 1 pa- 
pressure 
He had 


pressure 


100 mm. of mercury or more. 
blood 
90 mm. of mercury was accepted. 
blood 


All patients 


tient with a diastolic 


consistently systolic 
above 200 mm. of mercury. 
had eye-ground changes consistent with 
hypertension. Most had changes in the 
size and shape of the left ventricle con- 


The bl 


visit to 


sistent with hypertension. 


pressure naturally varied from 
visit but all were consistently above nor- 
mal. The approximate mean blood pres- 
sures, the results of the tests of “ capillary 
fragility’ and the eye-ground findings are 
recorded in Table 1. It is again pointed 
out that all these hypertensive patient 
were given vitamin C and other vitamins 
in full dosage for at least 1 month befor 
testing. 
Discussion. 
2 patients, L. L. (5 


It can be seen that onl) 
and N. P. (24), gave 
L. L. had Paget’s 

Thirty- 
three patients (66%) gave a positive Rum 
pel-Leede test. The 2 
Géthlin reaction had a mild type 
hypertension. Although the Rumpel- 
Leede test appears to be more frequentl) 


a positive Géthlin test. 
disease and N. P. had diabetes. 
with a positive 


Ol 


positive as the diastolic pressure increases 
there is no absolute correlation between 
the diastolic blood pressure an | a positive 
Rumpel-Leede reaction, as occasionall) 
the Rumpel-Leede test is positive with : 
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tions to normal in our hypertensive patients w 


HYPERTENSION 


ON CAPILLARY FRaGILity, EYEGROUNDS AND BLoop PRESSURE IN 50 HyPEr- 
Hap Receivep Viramin C Futt Doses ror 1 MontH oR Mort 
No. petechia 
Gotl Rumpel-Leed 
w mpandd igi 
Arms (6 em. sq Arm (2.5 ¢1 
B Eye-grounds, grade of 
essure R I R I R sclerosis and remar 
212/90 0 a 0 0 70 ll 
Pi Oo 0 0 0 0 0 Marked angiospasm 
60/100 0 0 0 1 
100 0 0 il 
100 7 ( nd Paget's disease 
LOS l 
70/10 
104 0 0 0 ( 
40, 100 0 0 2 ( me r tuber S18 
70/100 0 0 0 0 
70/102 0 0 0 0 4 i 
65/105 0 0 0 0 ( 
70 100 0) ( ig ‘ i emia 
70/100 0 0 0 0 0 
0 0 0 0 
TOLL 0 0 0 0 
0 0 0 0 0 ) hen hages 
0/110 0) 0 0 0 ( 
10/110 0 0 0) 0 60 
240 0 0 ( 4 
70 1) 
78 s 7 ( i ete 
210/120 0 ) te ase 
60/120 0 ) 0 0 $2 
2 20 1) y 
296/120 0 ) 0 0 7 
210/120 0 ( ( eN 
70 
0) 0 0 0 
224 1) iM) 
296/120 0 0 0 0 00 
29 ( ( hemorr} 
70 128 ( i hen } TES 
( i he hage 
200/13 ( id etes 
20 0 0 0 0 ( Angios 
232/128 0 0 0) ( Re t or 
76/12 0 0 0 ( ( 1 hemorrhages 
» 10) 0 0 ( ‘ emorrhage 
( ind hemorrhages 
240/14 ( hemorrhages 
140 0 0 0 60 
( 0 9 Severs giospast 
7 0 0 0 0 R f g 
EFFECT OF RUTIN ON THE GOTHLIN AND Rumpet-LEEDE REACTIONS OF 
ENSIVE PATIENTS PREVIOUSLY SATURATED WitH VITAMIN C 
Before rutin tl nd after at least After 1 mo. of rutin and 2 mos 
ntt I eray vitamin heray 
N é t N t petechia 
G R ipel-Leede tumpel-Leede 
13 Countless 10 Countless 
2 50 or more 50 or more 
0 Countless Countless 
0 50 or more 50 or more 
0 50 or more 50 or more 
12 Countless Countless 
2 50 or more 50 or more 
0 Countless Countless 
l Countless Countless 
0 50 or more 50 or more 
s¢ esults that rutin was not able to reverse the Rumy el-Leede test to normal or 


10 had been previously satu- 
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minimal increase in pressure and it is 
rarely negative with a marked increase in 
pressure. It is interesting to note that the 
patient with the highest pressure we ob- 
served, who also had numerous retinal 
hemorrhages, gave a negative Rumpel- 
Leede test (A. B., Case 50, in a malignant 
phase ot essential hypertension 

\ge appears to be no factor in the 
production of a positive Rumpel-Leede 
test, as the average age group in each is 
17 years 

[t is noteworthy that 3 (19, 42, 50) of 
our 9 patients with retinal hemorrhages 
gave a negative Gothlin and Rumpel- 
Leede reaction. This suggests that there 
is no correlation between a negative Rum- 
pel-Leede or Géthlin reaction with ab- 
There is 


obviously ho correlation between a posi- 


sence ofl retinal hemorrhage 


tive Kumpel-Leede reaction and the pres- 
ence of retinal hemorrhages as over 80% 
of our hy pertensive patients with positive 
Rumpel-Leede reactions had no retinal 
hemorrhages 

Retinal hemorrhages may be related to 
the diastolic blood pressure, as all our 
patients, with a single exception, who 
showed this phenomenon had a diastolic 
pressure above 120 mm. of mercury. 
This | exception, a 63 vear old hyperten- 
sive patient, had a blood pressure of 
210/110 The diastolic blood pressure, 
however, is not the only or the determin- 
ing factor. This is indicated by the fact 
that 8 (50%) of our patients with a dias- 
tolic blood pressure above 120 mm. of 
mercury, had no retinal hemorrhages. 

Griffith and Lindauer* found the Géth- 
lin test positive in 18% of their hyper- 
tensive patients. We had only 2 patients 
1%) with positive Géthlin tests. This 
may have been due to the fact that our 
patients had been saturated with vita- 
min C for at least 1 month before the 
Gothlin test was performed. At any rate, 
we could not test the effect of rutin on 
the Géothlin reaction except in these 
2 patients. 

We thought it worth while to test the 
effect of rutin on patients with a positive 
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Rumpel-Leede reaction. Ten patient 
were re-studied (5, 10, 15, 17, 21, 24, 2' 


32, 33 and 34 The patients were kept 
on the vitamin capsule and in additior 
g. of rutin 3 to 4 time 
a day for 1 month. The Géthlin test an 


the Rumpel-Leede test were repeated 


were given 20 m 


No significant difference in the number 
of petechize or the intensit\ of the pet 
chial reaction was observed The result 
are recorded in Table os 

To us there appear to be 3 possible 
reasons for the negative G6thlin tests in 


our hypertensive patients: 


1. The petechiz may have escaped oun 
observations. The petechiee which appear 
after a positive Géthlin reaction are 
smaller and fainter than those after a 
positive Rumpel-Lee le reaction. We were 
aware of the difference in the appearance 
of the petechize and in lependently eXalm- 
ined the first 25 hypertensive patients in 
daylight and with a 300 watt lamp, wit! 
this thought in mind. Certainly, if th 
petechie were so small as to escape OUul 
observations, we feel that this test is not 
apt to be generally successful in the hand 
of other physicians 

2. We may have had an unusual run of 
negative results and our results might 
have been different had we continued with 
more patients. Although this possibilit 
exists, it appears highly improbable. 

3. The administration of vitamin ( 


may have prevented the appearance of : 
positive Géthlin test. This appears to u 
the most likely explanation and it suggests 
the need for reéevaluation of this test on a 
large series of patients previously saturated 
with vitamin ( 

Bell, Lazarus and Munro? had already 
made a critical analysis of capillary fragil- 
ity determined by the Géthlin method 
They reported a 10.7% positive reacti 
in presumably healthy normal students of 
20 vears of age living on a diet which was 
available in England in 1940. All but 


2.09 


@ responded to vitamin C. They als 
noticed variations with light intensity 
season and menstrual cycle. It is possibl 


lit 
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hat hypertensive patients have a higher 
neidence of subclinical scurvy than the 
normal students studied by Bell, Lazarus 


ind Munro 


Conclusions. 1. The capillary fragility 
{ 5O hypertensive patients previously 
aturated with vitamin C for 1 month, 
was determined by the Géthlin and Rum- 
pel-Leed tests. 


Only 2 patients had a positive G6th- 


lin test and 33 had a positive Rumpel- 
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3. When the Géthlin test was performed 
on hypertensive patients previously placed 
on an adequate vitamin C intake, we were 
unable to verify the results obtained by 
Griffith and Lindauer. 

4. Rutin did not reverse to normal the 
Gothlin test of 2 patients who had been 
previously saturated with vitamin C. 

5. Rutin did not reverse to normal the 
Rumpel-Leede test. 

6. There does not appear to be any cor- 
relation between retinal hemorrhages and 


Leede test a positive Rumpel-Leede reaction. 
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THE RELATIONSHIP OF RETINAL HEMORRHAGES IN HYPERTENSIVE 
PATIENTS TO CEREBRAL HEMORRHAGE 
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DIED OF HEART FAILURE WITH THOSE WHO SUFFERED A CEREBRAL 
HEMORRHORAGE 
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C. T. M.D. 
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CEREBRAL hemorrhage is said to be the 
cause of death in a little less than one- 
third of all hypertensive individuals. 
Conversely, hypertension is present in 
well over 90% of individuals dying ot 
cerebral hemorrhage. In spite of the 
frequency ot cerebral hemorrhage, the 
pathoge nesis of this accident in the hy per- 
tensive patient is still, obscure. Two 
factors appear to be operative. One is 
hypertension or sudden. variations in 
hypertension. The other is apparently a 
local factor, as it is well known that 
extremely high pressures such as are not 
present during life, fail to produce hemor- 
rhage in the brain of cadavers. Various 
local factors have been invoked. Charcot 
and Bouchard' thought that miliary 
aneurysms were present which ruptured 
under a sudden increase in_ pressure. 
Rosenblath* suggested a hypothetical en- 
zyme of renal origin which produced 
Westphal 


and Bar® suggested repeated angiospasms 


destruction of nerve tissue. 


which produced ischemia of nerve tissue 
and thereby weakened the support of 
blood-vessels as they reopened. Globus 
and Strauss? suggested an ischemic necro- 
sis of nerve tissue due to progressive 
arteriolar sclerosis and obliteration of the 
lumina of the cerebral vessels. This weak- 
ened the support of the walls of the blood- 
vessels as they dilated under the influence 
of a sudden increase in the pressure. 
Scheinker® was impressed by the rich ven- 
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ous system of those regions of the brain 
stem which are commonly the seat of 
massive hemorrhage. He was also im- 
pressed by the lack of hemorrhage in those 
regions which are rich in arterial and 
capillary network. He described stasis, 
distention, atrophy, degeneration, occlu- 
sion and necrosis of veins in the regions 
of hemorrhage and he believes that the 
hemorrhage is of venous rather than 
arterial origin. Recently, Griffith and 
Lindauer’ suggested the frequent associa- 
tion of capillary hemorrhage, retinal hem- 
orrhage, cerebral hemorrhage and death 
in hypertensive individuals. Retinal hem- 
orrhages are readily accessible to inspec- 
tion. We therefore decided to try to 
estimate the value of retinal hemorrhage 


as a prognostic sign of cerebral apoplexy. 


Method and Material. The records of all 
patients with hypertension who had been 
admitted to Temple University Hospital 
between 1941 and 1946 inclusive and had 
died or had sustained a cerebral hemorrhage 
were reviewed. Only those records which 
contained an eye-ground study made by 
Dr. Walter I. Lillie or Dr. Glenn G. Gibson 
of the Department of Ophthalmology of 
Temple University Medical School were 
accepted for study. This was done so that 
there would be no question about the exam- 
ination or interpretation of the retinal pic- 
ture. Both these ophthalmologists are in- 
tensely interested in the retinal picture of 
hypertension and follow the classification 
advocated by Wagener of the Mayo Clinic. 


: 1 


it 
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Here, in briet 


to a generalized uniform narrowing of the 


the term attenuation refers 


\nglospasm refers to areas of 


arke a pl longed narrowing in the course of 
ittenuated arteriole. Sclerosis is graded 


| to 4, depending upon the degree of 


HYPERTENSIVE PATIENTS 661 


50 years. The average age is not apparently 
lowered by including | patient with glomeru- 
lonephritis. There were 6 males among the 
group with cerebral hemorrhage and 5 males 
among the group with heart failure and no 
cerebral hemorrhage. Those with cerebral 


ilarity of the lumen and the smallness hemorrhage had a systolic pressure varying 
the caliber of the arteriole. Severe angio- from 150 mm. of mereury to 240 mm. of 
sm 1 produce retinitis characterized mercury and a diastolic pressure from 90 to 
len the disk and hemorrhages and 150mm. of mercury with an average press- 
xudates. The malignant phase of hyperten- ure of 190/113. Those with heart failure 
acterized by edema of the disk, had a systolic pressure varying from 150 to 
rrhages, exudates and sclerosis of the 260 mm. of mercury and a diastolic pressure 
terioles varying from 90 to 160 mm. of mereury with 
rs Dara oF 5 HyPerRTENSIVE PaTIENTS WiTH CEREBRAL HEMORRHAGE AND WITH 


RETINAL HEMORRHAGES 


Eye-grounds 
Grade of 
Age Sex Blood pressure Blood urea sclerosis Hemorrhages 
6 I 240/118 22.9 il Yes 
S 60 M 2990 110 20 0 Spasm Yes 
19 210/130 il Yes 
malignant 
hypertension 
B $2 | 180,130 Is O ii Yes 
I 64 M 190/110 il Yes 
\ll patients had had hypertension for an average pressure of 199/126. In onl 
vears. The diastolic blood pres- 1 patient with cerebral hemorrhage was the 
ire was constantly 100 mm. of mercury or blood urea nitrogen recorded as above nor- 
ore in all patients except 3 who had ter- mal (87 mg. per 100 ec. of blood), whereas 
nal drops in pressures: 1 to90 mm., 1 to in the cardiac group 11 patients had blood 


98 mm. and the other who during terminal 

ock had a pressure of 138/88. The lowest 
ressures of these 3 individuals are recorded. 
lhe mean blood pressures of the other pa- 
tients are recorded. There were 18 patients 
vho died of cardiac failure. The diagnosis 


cardiac failure was based on the classical 
findings of an enlarged heart, pulmonary 
congestion, dyspnea, edema of the lower 
extremities, enlarged liver and previous par- 


tial response to digitalis and diuretics. There 
vere 17 hypertensive patients who had sus- 
tained a massive cerebral hemorrhage. 
[his diagnosis was confirmed in all cases by 
members of the Department of Neurology. 
The diagnosis was confirmed furthermore in 
1 cases by autopsy, in 6 cases by frank bloody 
pinal fluid and in the other 7 by rapid pro- 
rressive neurologic changes indicating a 
pace-taking lesion. 

Those with cerebral hemorrhage varied in 
ige between 42 years and 76 years with an 
iverage of 66 years. Those with heart failure 

ithout cerebral hemorrhave varied in age 


rom 17 years to 78 years with an average of 


urea nitrogen varying from 40 to 195 mg. 
per 100 ce. of blood. There is no significant 
difference in the sex incidence in the 2 groups. 
There is a slight increase in the mean dias- 
tolic blood pressure of the cardiae failure 
group. The cardiac failure group has a de- 
cided increase in percentage of patients with 
renal functional impairment. The cerebral 
accident group is significantly older (an aver- 
age of 16 years). 


Eye-ground Findings. Of the 17 pa- 
tients who suffered a cerebral hemorrhage, 
5 (29.4%) had retinal hemorrhages. Of 
these 5 patients, 1 had the malignant 
phase of hypertension with a grade ii 
sclerosis, 3 had grade ii arteriosclerosis 
and the fifth had regions of spasm (see 
Table 1). Twelve (70.6%) had no retinal 
hemorrhages. Of the 12 cases of cerebral 
hemorrhage without retinal hemorrhage, 
2 had attenuation (generalized narrowing 
of the arterial tree), 5 grade i sclerosis, 
4 grade ii sclerosis and 1 showed no evi- 
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Table 2 ° 
Of the 18 hypertensive patients who 


dence of hypertension (see 
died ot heart failure and had no cerebral 
accident, 14 (77.7%) 
rhages. Of 
grade ili 


had retinal hemor- 
these 14 
sclerosis with 


patients, 4 had 
7 had 


spasm and the 


spasm, 
grade ii sclerosis with 


other 3 had large regions of spasm (see 


BELLO: 
Discussion. ‘The number of cases stud- 
ied is obviously too small to draw unques- 


tionable conclusions. Although our results 


show a difference in the 2 groups of more 
than 3 times the standard error, yet the 
number of cases is too small for valid 
statistical analysis. We could have in- 


creased the number of cases several fold 


Table 3). The 4 without retinal hemor- had we included the patients whose eye- 
rhages had grade ii sclerosis. There was grounds had not been examined by 
PAB 2 Data OF 12 HYPERTENSIVE PATIENTS WiTH CEREBRAL HEMORRHAGE BUT WITHOUT 
LETINAL HEMORRHAGES 

I 
Name Age Sex Blood press I 1 He I 
G 55 M 172/120 24 0 ii None 
63 210/150 Atte latior None 
( 63 | 180/100 j None 
B 54 | 168/110 15 0 l None 
P 70 | 180/120 20 0 j None 
65 M 168/98 Is 5 None 
G 58 ‘| 168/110 i None 
H 55 M 212/110 16 0 None 
R 56 I 170/110 \ ior None 
N 76 M 150/90 29 () i None 
U 52 I L38 788 19 O None None 
shock 87 0 il None 
I 220/115 87 0 il None 
TABLE 3 Data oF 14 Hypertensive Patients Wirth FartureE WitrHout CEREBRAI 
HEMORRHAGE BUT WitH HEMORRHAGES 
I 
Name Age Sex Blood pressure | 1 s Hemorrhages 
A 54 I 210/130 ui* Yes 
Pp 53 M 240/144 96.5 ii* Yes 
P 49 I 182/100 195.0 ii* Yes 
K 18 I 240/100 410.0 ii* Yes 
I 48 I 216/130 14 0 Spasm Yes 
M 35 I 210/160 138.0 ii* Yes 
( 17 I 162/112 93.0 Spasm Yes 
J 59 M 228 /140 57 0 11” Yes 
K 61 ] 150/90 105 0 ii* Yes 
T 1] I 210/130 75.0 Spasm Yes 
L 45 F 260/150 ill Yes 
P 74 I 210/148 94.5 ii* Yes 
R 42 M 160/120 i* Yes 
J 38 M 170/130 124.0 | Yes 
* With spasm. 


no significant difference in the range of 
blood pressure of those with retinal hemor- 
rhages and those without retinal hemor- 
rhages either in the cerebral hemorrhage 
group or the cardiac failure group (see 
Table 4 


Our findings are summarized in Table 5. 


Several of us in the 
Department of Medicine have followed for 
years the methods recommended by the 


ophthalmologists 


Department of Ophthalmology and we 
feel confident in our ability to see and 
interpret the retinal picture in hyperten- 


sion. Had these cases been included, the 
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th 
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RETINAL HEMORRHAGES IN 


sults would have been similar, but then 
yections might have been raised con- 
erning the interpretation of the eve- 
rounds which were not examined by 
phthalmologists. 

The trend, however, even with this 
mall group, appears to he definite The 
nding of retinal hemorrhages in 29.4% 
f the cerebrovascular hemorrhage group 
nd in 77.7 % of the group dying of cardiac 
ulure without cerebral hemorrhage, even 


Data OF 4 HYPERTENSIVE PATIENTS 


HeEMORRHAGE AND WITHOUT 


N \ge Sex B pres 
~ 55 ] 170 130 
( 212/110 
I rf M 220 142 
( 78 i 150 100 
Pat SUMMAI OF CERTAIN C'LINICAI 


HEMORRHAGES, IN 35 PATI 


| emort 
heme 
\T nre 
pre 


though the cerebrovascular group aver- 
iged 16 years older than the heart failure 
group, indicates that retinal hemorrhages 
annot be used as a sign prophetic of 
future massive cerebral hemorrhage. 
leed, the reverse appears true: namely, 
that a hypertensive patient with retinal 
iemorrhages has a greater chance of dying 
f cardiac or renal failure. It would ap- 
ear from this study that retinal hemor- 
hages are more commonly seen in the 
ypertensive patients who have some evi- 
lence of uremia. The uremia may be of 
enal or extrarenal (cardiac failure) origin. 
t is seen in patients who have either at 
east a grade i sclerosis with spasm or 
irge regions of marked spasm. 

In order better to determine the nature 

the type of hypertension which pro- 
uces retinal hemorrhages, we analyzed 


¢ eve-ground findings observed by Drs. 


HYPERTENSIVE PATIENTS 
Lillie and Gibson in 42 consecutive hyper- 
tensive patients who were admitted t 
Hospital for 
This group had neither heart failure nor 


Temple University study. 


a cerebral accident. The data are sum- 


marized in Table 6. 

Of these 42 hypertensive patients with- 
out a cerebral accident or cardiac failure, 
10 had retinal hemorrhages. The presence 
or absence of retinal hemorrhages had ne 
relationship to age, sex or blood pressure. 


Wirh Carpiac Farture Wrrnoutr CEREBRAI 
Retinal HeMoRRHAGES 


Data, RETINAL AND CEREBI 
ENTS WitH HyPeRTENSION 


Ce N 
em her 
14 
12 
bb veal oU veal 
190 113 199 126 
1 (0.59% 11 (61.15 


Of the 10 retinal hemorrhages, 3 had 
large regions of spasm and attenuation. 
Three had grade iii sclerosis with Spasm. 
Two had grade ii sclerosis with spasm. 
Two had grade i sclerosis with marked 
spasm. Of those without hemorrhages, 4 
had attenuation, 19 grade i sclerosis (in- 
cluding 1+ sclerosis), 7 grade i sclerosis 
(including ii+ sclerosis), 1 had grade i 
sclerosis with Spasm, and | had negative 
eye-grounds. This analysis tends to con- 
firm that of 


marked degree of 


the previous groups. \ 
spasm usually with 
grade ii sclerosis is necessary for the pro- 
duction of retinal hemorrhages. The 
spasm is apparently of importance in pro- 
ducing an extra burden on the heart or 
kidneys and thereby producing failure of 
either or both these organs. Apparently, 
if this is not correctable, the patient does 
not live long enough to suffer a cerebra! 


accident. 
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ire Blood ure i. 
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Summary and Conclusions. 1. 


hemorrhages occurred in 14 (77%) of 18 
patient with hypertension who died of 
cardiac failure without cerebral 
rhage 

) 


2. Retinal hemorrhages occurred in 


29%) of 17 patients with hypertension 


uffered a cerebral hemorrhage. 


Retinal hemorrhages 


Retinal 


hemor- 


F, BELLO: 


had lar 


regions of spasm with or without a grads 


hypertensive patients who 
sclerosis. 


as a prognostic sign of future cerebr 


» hemorrhage, as they occur more frequent 


Retinal hemorrhages cannot be uss 


occurred in 


renal 


failure 


accident. 


without 


a Massive cereb 


in those who ultimately die of cardiac 


CLINICAL AND OcULAR FINDINGS IN 42 HYPERTENSIVE PATIENTS WITHOUT CEREBI 
ACCIDENT OR CARDIAC 
{ 
N A ge ~ I 1 press Hemort 
15 180/130 None 
M 8 160,112 None 
3 M 190.90 None 
M 19 I 168/110 None 
Z 15 196,104 None 
G 19 M 214 140 None 
Ss 50 M 237/120 None 
K 64 ISO. 130 None 
| 62 | 174,110 None 
l 12 I 174/115 None 
10) I 210/150 None 
1] 194,94 None 
G | M 170,114 Attenu Ye 
M 0) M 172,116 None 
R 17 I 182/120 None 
D 12 I 170/92 Ye 
S 13 M 170,108 i None 
K 15 M 200/154 Yes 
I a0) 240/130 None 
B 18 M 40120 Atte None 
G 39) M 228 160 iil Yes 
I 64 I 224, 96 i None 
M 222/122 None 
D 4 I 160/90 i None 
K 26 ] 136/88 Attenu: None 
M 140,100 None None 
Cy M 234/138 None 
M 150/100 None 
Ss 50 | 00/120 j None 
H 16 I 200/150 Attenuat Yes 
W 57 M 04,132 Attenuat Yes 
Ss i8 M 180/150 i None 
Ss 54 M 138 98 \* Yes 
W 13 ] 150/90 ii None 
\ 14 M 258 150 Attenua Non 
H 1] I 188/110 il None 
W 31 I 180/120 i Yes 
\ I 110 i None 
Ss 55 | 212/110 i None 
I 52 M 230/128 1] Yes 
= 50 M 140/100 Attenuat None 
H 77 I 184/110 ill Ye 
REFERENCES 
CHarcoT, J. M., and Boucnarp, C.: Arch. de physiol. norm. et } 1, 110 725, 1368 
GLosus, J. H., and Srravss, I. Arch. Neurol. and Psychiat., 18 1927 
GRIFFITH, J. Q., Jr., and Linpaver, M. A. Am. Heart J., 28, 7 14 


t+. ROSENBLATH: Deutsch. Ztsch1 
5. SCHEINKER, I. M Arch 


6. WesrpHat, K., and Bar, R.: Deutsch. 


f. Nervenh., 61, 
Neurol. and Psychiat 
Arch. f. 


10, 1! 


, 54, 395, 1945 


klin 


Med., 51 


n 

ul 
li 

( 

al 

l 

} 

e 

i 

a 


SCHNEIDER: 


BRONCHOPULMONARY 


HYPOGENESIS O65 


BRONCHOPULMONARY HYPOGENESIS 


Clinical and Roentgenologic Features in the Adult, with long Follow up Observations. 


By 
HYS ‘-IN-CHARGE, CHEST CLINIC, WASHINGTON 

EPIDEMIOLOGY, COLI 

MT. VERNON, 
UNTIL now, less than 60° cases of 
genesis Ol! aplasia ot the lungs have been 
ported the majority of these having 
een seen in infancy and early childhood. 
The congenital anomalies of the lower 
espiratol tract may vary from com- 


we of both lungs, as described 
the 


partially developed bronchopulmonary 


lete 


n Schmitt case,” to presence of 


stem on one side and normal lung and 


ronchi on the other. The latter condi- 


on, bronchopulmonary hypogenesis, has 
intil now been encountered far less fre- 
literature than agenesis. 


the 


thie 


juently in 


However, with continued extension 
f chest Roentgen ray surveys through- 
ut the country among apparently nor- 
mal adult groups, it is likely that cases 
that 
The 
reason for this lack of recognition is be- 
the 


W ill be uncovered 


hy SIS 


vould otherwise go unrecognized. 
condition is more compatible 
symptomatic living than are those 
th complete absence of 1 lung. 
Faulty development of the lung on one 
de is an accident of nature which has 
iken place early in fetal life, well before 


old) 


xhibiting this developmental error fre- 


he fetus is 3 months Patients 
juently display evidence of other anoma- 
es in the tracheobronchial tree, as well 


Unlike cases 


f atelectasis of the newborn, patients 


s elsewhere in the body.” ‘ 


vith bronchopulmonary hypogenesis show 
ick of difficulty at birth,” 
ndicating that the anomaly has had time 


re Spiratory 


itero for compensation by hypertrophy 
f the 
xternal 


remaining lung tissue. Likewise, 


mmetry of the chest is main- 


ained in most cases, or only slightly 
Itered,?"” because the potential space is 


lled by 


displaced mediastinal contents 


LovuIs SCHNEIDER, M.D). 
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and a portion of hypertrophied contra- 
lateral lung at an early stage of devel- 
opment, 

A youngster with agenesis or hypo- 
genesis of the lung will often come to the 
early attention of the pediatrician or the 
radiologist, as in the first case described 
below, during an attack of bronchopneu- 
monia to which these patients fall an easy 
prey. Later in life, individuals with this 
anomaly may complain of frequent colds, 
dyspnea on slight exertion, expectoration 
of blood-streaked sputum or even frank 
blood, and attacks of stertorous or wheezy 
breathing; the latter, too, may be the only, 
albeit distressing, clinical feature early in 
life.® 

To diagnose this condition in the adult, 
its possibility must be thought of when a 
chest radiograph shows diffuse clouding 
on one side with retraction of the heart 
and mediastinum well over to that area. 
In the 
of the bronchoscope and especially 


use 
the 
bronchogram, the correct underlying path- 


recent years, with increased 


ology has been more frequently estab- 
lished during life, than,was the case over 
a decade ago, when the presence of con- 
genital bronchopulmonary anomalies was 


The chief 


difficulty has been to distinguish agenesis 


mostly an autopsy finding. 
or hypogenesis of the lung from the end- 
results of primary tuberculosis or the so- 
called natural thoracoplasts that ensues 
in the fortunate healing of a diffuse uni- 
lateral reinfection pulmonary tuberculosis. 
It may also be mistaken for the combina- 
tion of atelectasis and pulmonary fibrosis 
associated with obstructive benign tumor 
of the bronchus. 
would naturally lead to operation." 

The writer's 


Suspicion of the latter 


attention recently 


Case Reports. Case 1. J.C 


SCHNEIDER: 


he ase of a voung 
ol dy spnea and blood-spitting 


duration and had ha 1 the right 


nove | because the bronchoscopist 


th yught it to be 


noma, only to find it a mal- 


similar to the 
1. Months later, the 
he was In a sanatorium 10 vears 
still the 


organ 


1 
were same as b 


CTOINN 


BRONCHOPI 


Who 


the seat ot 


cases to 


LMONARY HYPOGENESIS 


heart and mediastinum to the right. After 
the instillation of 


lipiodol the trachea was 


deseribed as ( splaced to the right, witl 
the bifureation to the right of the thoracic 


spine: one collect on ol 


oil was said 
right upper 
other near the june- 


opaque 
to be at the beginning of the 
lobe brnehus, and the 
the middle and lowe lobe 


tion of bronchi, 


and no evidene Vas found ol bronchiectatie 
dilatations. 
While he was at Temple University Hos- 


pital, it was determined that congenital 


Negro, 
ive His family 


histary is 
t tor contact with a sister 
yen case of pulmonary tuber- 


boy first came to us because 


sure history. His birth history 
until 


ive, when hospitalization Was 


ul, and he was. well 


tuse of a severe attack of pneu- 
ter a stay in a hospital in Wash- 


eb. 24. 193] OW marked retraction of 


heart 


mmpensatory 


dextroeat lia Was not The conclu- 
ve at that time was that 
all the chest findings could be explained on 


the basis of atelectasis of the right lung. 


present. 


sion he ore disehar 


This boy has been followed by us at semi- 
He 
has been growing normally and is apparently 
healthy and vigorous. His frequent efforts 
to enlist in the Armed Forces were halted 


annual intervals for the past 4 years. 


only by the routine 


chest film which always 
( here a diagnosis of “massive thwarted this ambition. 
the right lung of undetermined 17 


Ma i made, he 


In the intervening 
years, he has not been seriously ill. 
Was transferred to However, he 
Hospital to 


lol reproductions of the chest ate 


has been subject to Trequent 
versity which we colds. He is somewhat dyspneic on moder- 
exertion, expectorates a amount 
non-odorous sputum daily, and after 
many years of frequent spitting up of blood, 


raising at times 2 ounces of bloody sputum, 


small 
onchograms done in this case of 


Svears ago. The Wassermann test at that 
if vas negative, and a the 


secretions was negative for tuber- 


culture of 


he is no longer alarmed. Repeated sputum 


le bacillus, pneumococcus or spirilla. examinations have been negative for tubercle 

\ Roentgen ray, taken on Feb. 24, 1931 bacilli. The tuberculin test has been nega- 
1), was reported as showing some _ tive to 1 mg. 

mal density throughout the right side Examination of the chest has revealed 

the chest, with marked displacement of only slight asymmetry of the right chest 


; 
Vv 
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hose respiratory excursions are diminished. 


Chere is dullness, diminished breathing and 


) rAles over the right thorax. 
The chest film taken on April 24, 1947 
Fig. 2), shows the thoracie contents to be 


he same as in 1931, except that there is 


ore aération on the right side. In passing 
may be noted that an azygos fissure is 
i] eft lung field, and this stands 
it more clearly in the adult film. A 


bronchogram on this patient on May 27, 
1947 (Fig. 3), reveals little difference in the 
bronchopulmonary abnormalities of the right 
side from the bronchogram of infaney, ex- 
cept that the hypogenetic bronchial tree is 
more easily traced. One sees that the 
trachea slants well over to the right chest. 
At the bifurcation, a bizarre bronchus comes 
off at right angles to the windpipe, and from 
this bronchus numerous weird branches 


Case Film taken 16 years later (April 24, 1947) showing more aération right lung; right 
mediastinal border is now easily distinct. Note the left azygos tissue 


br 3. —Case 1 Bronchogram done, May 24, 1947, showing bizarre single right bronchus with 
weird branches and 2 additional undeveloped bronchi of the first order ending in blind saes a short 


tance trom their origin. 
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scatter throughout the apparently single- 
lobed right lung. Two other branches end 
in blind saes a short distance from thei 
origin. The left main bronchus can be seen 
crossing over from the right side. 

It appears that here we are dealing with 
a hvpogenesis ol the right lung in which 
the radiologic and bronchographic features 
have shown little change in 17 vears ofl 


observation 


LMONARY HYPOGENESIS 
dary anemia. During her stay at the hospi 
tal, nothing remarkable was found in thx 
gvastro-intestinal tract. 

She was first seen in the Health Depart 
ment Clinie on Nov. 21, 1938, for routine 


examination because of exposure to hei 


brother, who died of pulmonary tuberculosis 
When interviewed in our Clinic, earefu 


questioning elicite 1 the fact that this 11 
had been coughing and expectorating gritty 


™ 


CasE 2 H. S. is a Negress, born on 
Oct. 6, 1919 At the age of &, because of 


a.) vears history ol epigastric distress, she 
vas observed in the wards of Roosevelt 


Hospital for a period of 2 months. 


At that 
time, a routine examination of the chest 
revealed dullness on the entire right side, 
diminished breath sounds and fremitus with 
bronchial breathing and occasional rales and 
squeaks in the right chest. A chest film 
done on Dee. 1, 1927, showed diffuse cloud- 
ing on the right side, with retraction of the 
heart and mediastinum well over to the 
right side. On fluoroscopy, the right dia- 
phragm moved paradoxically and the medi- 
astinal shadow shifted slightly to the left 
on inspiration. She was last seen at Roose- 
velt Hospital on Aug. 1, 1937, when a chest 
roentgenogram revealed nothing new. She 
was also found to have a well-marked secon- 


le in right upper chest. 


material since childhood. She has oceasion- 
ally noticed a wheezy feeling and her sputun 
has been blood-streaked at times. Upor 
examination she appeared well developed 
and well nourished. There were essentially 
the same physical findings in the chest as 
reported at the hospital. Roentgen ray of 
the chest taken on Jan. 7, 1939 (Fig. 4 
shows diffuse clouding of the lower two 
thirds of the right thorax, with the heart 
well over to that side, and the trachea 
drawn over to the right. 

A bronchogram done on the same day 
(Figs. 5 and 6) shows a marked narrowing 
at the lower end of the right main bronchus 
An apparently normal branch comes off the 
main bronchus and is seen to arborize ante 
riorly and medially in the direction of the 
lower lung field. 
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Also coming off the right main bronchus 
) 


re 2 branches ending in large blind saes 


yme distance from thei origin. As in the 


revious case, the left main bronchus crosses 
ver in apparently normal fashion into the 


ft lung field Since no bronchus is trace- 
ght upper lobe, one cannot be 


ire from this film whether the right upper 


lobe is present or whether the aérated area 
in the right upper lobe region is really 
herniated left lung. 

The patient was followed by our Clinic 
until Jan. 6, 1945, when she stopped coming. 
However, a letter received from her a month 
ago indicated that she was enjoying good 
health in Southern California. 


1+7-39 


( e 2 sronchogram (Jan. 7, 1939) shows well the narrowing of the trachea near the 


Note the normal looking bronchi going toward the right lower lung field and, more medie 


saceulated branches 


1G. 6.—-Case 2. Lateral view of bronchogram more clearly defining the undeveloped bronchi 


and their position. 
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Summary and Conclusions. 


Case ot bronchopulmonary 


follows d 


l. Two 
hy pogenge sis 
for more than 15 years are pre- 
sented 

2. It is expected that many more of 
these cases will be uncovered in routine 
nest urveyvs 

3. The Importance of bronchographic 
study in making the diagnosis is empha- 
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'HE EFFECT OF EXERCISE ON THE ELECTROCARDIOGRAM (MASTER “TWO- 
STEP” TEST) IN THE DIAGNOSIS OF CORONARY INSUFFICIENCY 


Davin UnrerMAN, M.]). 
FELLOW IN 


By 
THERAPEUTICS 
AND 

Artuur DeGrarr, M.D. 
THERAPEUTICS 
NEW YORK 


PROFESSOR OF 
NEW YORK, 


Department of Therapeutics and the Cardiac Clinic, New York University College of 


Medicine 


has combined this with electrocardio- 


THI diagnosis of coronary insufficiency 
patients presenting a questionable or 
ague history of anginal syndrome but no 
ibject ive evidence of heart disease is often 
difficult 
lectrocardiograms and Roentgen ray and 


one. Physical examination, 
Huoroscopic study of the heart may all be 


vithin normal limits. In this group of 


patients it is often desirable to obtain 
bjective evidence of diminished coronary 
reserve. The anoxemia test standardized 
»y Levy and his associates, and the “‘two- 
tep’ exercise test introduced and studied 

Master have served as diag- 

iostic aids in this problem. The present 
report is concerned with an evaluation of 
he exercise test in the diagnosis of coro- 
insufficiency. 

The electrocardiographic changes asso- 
iated with spontaneous episodes of angina 
ectoris have been described by a number 

These 
onsist generally of a depression of the 


lattening or inversion of 7’ waves. Similar 


obser\ ers.* 9.11 12.25.28 30 34.36 37 39 


segment of one or more leads and 


hanges have been noted during induced 
ttacks of angina following exercise.?5:6 47.59 
nduced anoxemia and temporary inter- 
erence with the coronary circulation have 
een shown experimentally to produce 
omewhat similar results and this electro- 
ardiographic pattern has been accepted 
s evidence of myocardial anoxia. 

The ‘‘two-step” test of exercise toler- 
nce, introduced by Master and E. T. 
)ppenheimer in 1929,°° employs a stand- 
rdized: amount of exercise and is based 
pon the pulse and blood pressure response 
f normal subjects. More recently, Master 


graphic studies as a test of cardiac func 


tion and coronary insufficiency 


18.19 


and has 
stressed the importance of standardized 
exercise. The criteria adopted for a posi- 
tive test include a depression of the RS-7 


segment of more than 0.5 mm. in any 
lead or the conversion of an upright 


7 wave to an isoelectric or inverted 7, or 
the reverse. In one study,'® 83 patients 
with anginal syndrome were tested and 
positive results were noted in 30 to 46%, 
depending upon whether the “standard” 
or “double standard” test was employed. 
Favorable results have also been reported 
by Twiss and Sokolow,® Levan,” and Feil 
and Pritchard,® who used a modification 
of the Master ““Two-Step”’ test. 

On Waller 
and Brown,”’ studying a small group of 
the effects of 


electrocardiogram — of 


the other hand, Riseman, 
subjects, concluded that 
exercise the 
patients with anginal syndrome and of 


on 


normal controls were “‘not sufficiently dif- 
ferent to be of diagnostic value.” A 
similar conclusion was reached by Sigler,” 
who, however, did not mention the form 


Master 


has maintained that the criteria of Rise- 


or amount of exercise employed. 


man and his associates were not correct 
and that the only RS-7 change of any 
significance is a depression below the 
isoelectric level. 

Variations in the rate and total amount 
of exercise as well as in the electrocardio- 
graphic criteria adopted for a positive 
result may account, in part, for the diver- 
gence of opinion concerning the value of 
the test. Further study of the electro- 


642 


cardiographie response to exercise as a 
test for coronary insufficiency seemed indi- 


cated 


Selection of Material. \ 
studied. 
groups (] 


total of 163 

They fall into the 
37 normal individuals 
who served as controls: (2) 91 patients with 
additional 
the control group but subse- 
they failed to 
fulfill all the criteria for this group; and (4) 


supiects Was 
following 
neart disease: (3 13 


subjects 


eliminated because 


quenth 


UNTERMAN, DE 


GRAFF? 

could be excluded 2 
15 females, with an 
62 vears. 
In all 


nostic classification 


patients with heart disease, diag 
Table 2 
criteria of the Nev 
Association.2 


in accordance with the 
York Heart 
males and 25 females, with an age distribu 
tion of 29 to 75 vears (Table 1] 

Of the 13 
normal 


subjects eliminated 
control 
abnormality of the 


group, 9 presented 


control 


electrocardio 


22 patients convalescing from recent acute gram. Other findings included hy pertension, 
iIness evidence of cardiac enlargement and, in 1] 
AGE AND SEX DIstRIBUTION OF NorMAL ContTROLS AND PaTIENTS WitH HEarT DISEAs! 
Norma mtrols 
4 M Female Fer 
10-30 12 0) ( 2 
1-40 7 5 
41-50 6 2 l 
61-70 » 5 
71-80 0 7 2 
otal 22 5 25D 
CLASSIFICATION OF CARDIAC PATIENTS ACCORDING 1 DIAGNOSIS 
No f 2 Ww 
Et tie 
Arteriosclerotik 
l { mary ( | 24 
Coronary sclerosis and previous myocardial infarction 15 1 
Total 13 
Arteriosclerot ic hyperter sive 19 11 
Arteriosclerotic and syphilit | 0 
} Hypertensive 3 
Hypertensive and syphilitic } 2 
6. Rheumatic 3 
7. Unknown (rheumatic type 2 0 
Possi heart disease 0 
9. Possible and potential - 9 
Syphilitic l {) 
Pericarditis (complicating pneumonia l 1 
Total 9] 31 
"he members of the normal control group instance, a history suggestive of heart 
were selected on the basis of a negative disease. 
history with respect to heart disease, normal The group tested during convalescence 


physical signs and blood pressure, a normal 
electrocardiogram at rest and normal cardiac 
size and pulsations as determined by roent- 
genologie and fluoroscopic study In 3 sub- 
Lead III was 
oted as an isolated finding and these were 
not eliminated 


students as 


ests an inverted P wave in 


This group included medical 


well as hospital and clinic 


patients. The latter were selected only when 


such complicating factors as systemic dis- 
and 


ease, severe anemia recent infection 


from acute illness included 13 males and 9 
females with an age distribution of 18 to 58 
The conditions from which these patients 
were convalescing were as follows: Bacterial 
pneumonia (10), primary atypical pneumonia 
(7), bacterial pneumonia with delayed reso 
lution (1), “la grippe’’ (2), acute pharyngitis 
(1), and acute gastro-enteritis (1 

Method of Study. The ‘two-step’ 
exercise test was performed according to the 
method of Master and his associates.'8.1°. 


There were 22 males an 
age distribution of 20 t 


was established 


\ 


There were 66 


from. the 
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All electrocardiograms were recorded in the 
sitting position with an angle of 90 degrees 
between the backrest and seat of the chair. 
The subject rested for a minimum of 15 
{An attempt was made to perform 
each test at least 1 hour after the last meal 
and 1 hour after smoking. In a few instances, 
the latter condition was not fulfilled. The 
temperature of the room was not controlled. 


minutes 


\ two-step staircase was used with an eleva- 
tion of 9 inches per step or a total elevation 

15 feet. A control electrocardiogram was 
taken with Leads I, II, III, and CF, recorded 

that order. Blood pressure and _ pulse 
readings were taken repeatedly until stabil- 
zed within 2 points. With the electrodes in 
place, the subject then performed the 
required number of trips* across the stair- 
case in exactly 13 minutes (‘‘standard”’ test). 
The “double standard” test, when per- 
formed, consisted of twice the standard 
number of trips completed in 3 instead of 
15 minutes. Upon completion of exercise, 
the subject sat down promptly and the 4 
ead electrocardiogram was recorded. The 
average time required for this tracing was 
75 seconds. Single blood pressure and pulse 
readings were taken 2 minutes after the 
completion of exercise and additional electro- 
cardiograms were recorded at 4 and 10 
minute intervals. All candidates were care- 
fully questioned concerning symptoms exper- 
ienced during or following exercise. 

The Cambridge string electrocardiograph 
was employed throughout the study, both 
the stationary (Williams-Hindle) and mobile 
models being employed. All electrocardio- 
grams were interpreted in accordance with 
the criteria of the New York Heart Associa- 
tion. Leads I, II, and III were standard- 
zed so that 1 millivolt produced a deflection 
of 1 em. and the precordial lead was stand- 
ardized at one-half this sensitivity. Slight 
differences of standardization were taken 
into account in the comparison of the ampli- 
tude of deflections before and after exercise. 
Changes in the level of the RS-T junction 
were judged in relation to the level of the 
P-R interval. Estimates of the RS-T level 
vere made only when the 7-P interval of 2 
ind preferably 3 successive complexes fol- 
lowed the same horizontal line. This was 
found necessary since even slight wandering 
of the tracing produced an apparent change 
in the level of the RS-T junction. 

The electrocardiographic criteria which 


* See tables of Master." 


were adopted for a positive test are described 
below. 

Results. 1. Norma, Group. 
Thirty-one subjects performed the “‘stand- 
ard” and 6 performed the “‘double stand- 
ard” test. In 6 members of this group 
there were no appreciable electrocardio- 
graphic changes following exercise. The 
changes noted in the remaining subjects 
are listed in Table 3 and are considered a 
normal response to exercise. Slight varia- 
tions in the amplitude of the R and 7 
waves were observed most frequently. 
These consisted of either an increase or 
decrease in amplitude, the latter being 
noted more often. The decrease in ampli- 
tude of the R waves ranged from 2 to 4 
mm. and the 7 wave amplitude was never 
diminished by more than 1 to 2 mm. 
Marked changes in amplitude as well as 
direction of 7; were noted in 4 instances. 

In 1 subject, a 22 year old male who 
performed the “double standard” test, a 
depression of the RS-7, junction of 1 mm. 
below the P-R level was noted. This 
appeared only immediately after exercise 
during tachycardia and disappeared in the 
4 and 10 minute tracings. This depression 
exceeds the maximum of 0.5 mm. allowed 
for normals under these test conditions.” 
Alterations in the level of the RS-T junc- 
tion of Leads III and CF, were not 
observed. It should be noted that tachy- 
cardia had largely subsided in most in- 
stances during the recording of these leads. 

The ingestion of food has been shown to 
produce a 30 to 50% decrease in the ampli- 
tude of 7 waves in some normal indi- 
viduals.'!° The possible effect of food on 
the electrocardiographic response to exer- 
cise was investigated. Five normal young 
men of the control group were subjected 
to the“ 
state. Approximately 1 week later the 
tests were repeated 1 to 1? hours following 
a meal. The electrocardiographic response 


double standard”’ test in the fasting 


to exercise was similar to that noted during 
the fasting state. In 2 of the 5 subjects a 
slight decrease in the amplitude of 7; and 
T, was noted in the electrocardiogram at 
rest following the ingestion of food as 
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NORMAL CONTROLS 


FOLLOWING EXERCISI 


No. of 
Electrocardiograp! d 
P; from upright to diphasic l 
P; from inverted to upright 2 
Ps; from inverted to isoelectric ] 
wave change 0 
R; amplitude diminished 10 
amplitude diminished 
Rs; amplitude increased l 
R; amplitude diminished l 
RS-T, depressed 1 mm 
depressed 0.5 mm 
RS-Ts from elevation of 0.5 mm. to isoelectric | 
T; amplitude diminished 15 
amplitude increased 
7» amplitude diminished 1 
amplitude i eased l 
T’; amplitude increase 
from upright to inverted l 
rom inverted to upright l 
from diphasie to upright 
ed to liy isl¢ 
amplitude ine ed 
DISTRIBUTION OF SIGNIFICANT | CT ICARDIOGRAPHIC CHANGES IN CaRbDIAC PATIENTS 
Wirh a Test 
I I 1 
R wave ' 
RS T depre 7 7 2 
T wave oe 6 10 7 
re 13 17 10 
* I mal to double intrir id deflection 


compared with the corresponding tracing 


taken during the fasting state. The 
ingestion of food by normal individuals 
would thus appear to have little influence 
upon the electrocardiographic response to 
this degree of exercise, provided the test 
is performed l hour or more following the 
meal. On the other hand, Master has 
observed electrocardiographic changes if 
the test is performed less than | hour after 
the ingestion of food.!" 

On the basis of the findings in the control 
group, the following electrocardiographic 
criteria were adopted for a positive test: 

1) A de pression of the RS-T junction of 
more than 1 mm. in Leads I, II, III or 
more than 0.75 in CFy. A depression of, 
but not exceeding | mm. in the standard 
leads was regarded as significant only if 
it persisted beyond the brief period of 
tachycardia immediately following exer- 


cise. (2) The conversion of an upright 
T wave to an isoelectric or inverted 7 in 
Leads I, II] or CFy. The reverse process as 
well as the conversion of an_ initially 
diphasic to an upright 7 was also con- 
sidered significant in these leads. (3) Dis- 
turbances in rhythm such as the appear- 
ance of premature systoles or runs of 
coupling were also regarded as an ab- 
normal re sponse to the test. 

2. PaTieENTS Heart Dtskast 
The electrocardiographic changes follow- 
ing exercise were considered significant in 
31 of 91 patients with heart disease 
(34.1%). The distribution of these electro- 
cardiographic alterations according to 
leads appears in Table 4. If we consider 
only those patients in whom a definite 
diagnosis of coronary artery disease had 
been established (first 3 groups of Table 2 
the test was positive in 24 of a total of 
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9 patients (40.7%). Since many of the 
eports in the literature are concerned only 
vith patients with a history of anginal 
ndrome, it is important to subdivide 
ubjects according to symptoms for pur- 
oses of comparison. In the present group, 
there were 51 patients with a history of 
typical anginal syndrome, 21 with ques- 


tionable symptoms, and 39 patients who 
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Although 


the proportion of positive tests was greater 


the control electrocardiogram. 


in the group of patients with initial electro- 
cardiographic abnermalities (55 as com- 
pared with 36%), this difference is not 
significant. In Table 5c, all patients with 
heart disease, irrespective of symptoms, 
are subdivided according to the contrc| 
electrocardiogram and no significant diff- 


had never experienced pain. The results erence in results is noted. In _ brief, al- 
5 
( ( ( c Pat {ecording to Symptoms Sy ” 
No 
il anginal svndrome 31 5 is 
() ionable or atypical symptoms 21 5) 23 8 
9) 28 2 
4] 
[he S f Pa its With Typica Anginal Syndrom ( Elec 
No. of “ 
patients ve te tive 
electrocardiogram normal 11 4 
\ rmalities of ST and or T wave in control 
trocardiogram 20 11 55 0 
Potal 31 15 
uf {// ¢ wc Pe tecording to Co E lee n 
No. of Pa wit! 
lol 
( electrocardiogram normal 24 6 “09 VU 
\bnormalities of ST’ and or 7 wave in control 
lectrocardiogram 67 25 7 8 
Total +1 34.1 


of the test in these subgroups are indicated 
n Table 5a 


tests was slightly greater in the group with 


The proportion of positive 
anginal syndrome (48.3%) than in those 
with que stionable symptoms or complete 
and 28.2% 


ibsence of pain (23.8% re- 


spectively Recognizing the fact that the 
number of patients involved is relativel) 
small, analysis indicates that this differ- 


In 


, the patients with angina pectoris 


ence is probably not  significant.* 


lable 5b 


ire subdivided according to the nature of 


though the number of patients is relatively 
small, it would appear that there is no 
significant correlation under present test 
conditions between the gross electrocardio- 
graphic response to exercise and a history 
of anginal syndrome or the presence or 
absence of ST and T wave abnormalities 
in the control electrocardiogram. 

A higher incidence of positive results 
among the subjects with anginal syndrome 
might have occurred had more patients 
experienced pain under test conditions. 


* The indard error of difference was determined by the formula p q Sd “Comparing 
n nh 
e el iographic results in patients with and without angina pectoris (Table 5a e have a 
andard « f 8.2 1.8 11.5. The actual difference is 20 1% 
31 \ 

hicl in twice its standard error (2 11 5 or 23). The same method was used in the com 
iri ifferences betweerm the other groups noted in Table 5. (Hill, A. B.: Principles of Medical 
Statistic 1937, Lancet Ltd., London. 
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Only 10 of the 31 patients with a history 
of anginal syndrome experienced pain dur- 
ng the test One reason for this is the 
the totel amount of work per- 
formed in each instance was predetermined 
and not necessarily continued until angina 
No atte mpt was made to lower 
the temperature of the room, a factor 
which may facilitste the appearance of 
pall Seven of the 10 patients who 
experienced angina showed significant 
electro irdiographic changes. There was 
no strict correlation between the persis- 
tence of pain and the electrocardiographic 
response, since 2 of the 3 patients with a 
negative test experienced angina through- 
out the recording of the electrocardiogram 
exercise 

No serious reactions to exercise were 
observed in any of the patients tested. 
Mild dyspnea, fatigue, or pain were the 
Vmptoms n ited and these subsided 


within a few minutes of the completion of 


The single precordial lead, CFy, was of 


assistance in the detection of electrocardio- 


graphic changes in 10 patients. In 5 
patients, or approximately one-sixth of 
those with a positive test, these changes 


were confined to the precordial lead. That 
the latter may yield positive information 
following exercise when the standard leads 
are negative has been noted by Missal”? 
and Puddu The value of the chest lead 
has been emphasized by Feil,’ and Twiss 
and Sokolow® reported that its use in- 
creased the number of positive tests by 
approximately 20%. 

\n increase in the total work performed 
within the limits of this test did not appear 
to influence the electrocardiographic re- 
sults significantly. Fifty-five patients with 
heart disease performed the “standard” 
test, while 36 were subjected to the 
“double standard.’ Of those performing 
the “standard” test, 23 patients (42% 


(of 60 patients with a negative electroca 


55° O)s The standard error of this difference 


Che tual difference (12.7° is much less than t 


() itients with a positive electrocardiogr 
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were positive. Eight of the 36 patients 


performing the “double standard”’ (22% 


) 


had a positive test In addition, 20 pa- 
tients who presented no significant elec- 
trocardiographie changes following the 
“standard” amount of exercise were later 
subjected to the “double standard”’ test 
Onl\ 3 of these der eloped a positive test 
with this increase in the total work 
performed. 

A failure of the pulse or blood pressure 
to return to within 10 points of the resting 
level within 2 minutes after exercise Is 
regarded as an abnormal response*’. Fifty - 
four of the 91 patients with heart disease 
showed a lag in the return of pulse, blood 
pressure or both. A lag in the return of 
blood pressure, usually systolic, to resting 
levels was noted most frequently, occurring 
in 37 patients. There was no significant 
correlation between a positive electro- 
cardiographic test and diminished exercise 
tolerance lag of pulse or ble od pressure ).T 
It should also be noted that, among the 
37 normal controls, there were 7 with a 
delay in the return of pulse, blood pressure, 
or both. 

3. SuBsEcTS ELIMINATED FROM THI 
ControL, Grove. Of the 13 individuals 
falling into this eate gory, + showed electro- 
eardiographic changes following exercise 
not noted in the normal control group. 
The changes which are considered of pos- 
sible significance include the appearance 
of auricular or ventricular premature 
systoles and, in | instance, the conversion 
of an initially diphasic to a low upright 
T wave in CF,;. The possibility of heart 
disease existed in all 4 patients, although 
a definite diagnosis was not made. None 
of these patients presented symptoms of 
heart disease and all had been hospitalized 
for complaints unrelated to the cardio- 
vascular svstem 

1. PatTieENTs CONVALESCING FROM 


| 


Acute ILuNess. The exercise test was 


aphic test, 21 had du el exe tolerance 
rdiographie respons | diminished exercise 
67.7 XK 32 55 xX 45 10 6 
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performed after the patients had been 
mbulatory for 1 to 7 days and had been 
febrile for 2 to 21 days. In general, the 
lectrocardiographic changes noted were 
imilar to those of the normal control 
group. Four patients convalescing from 
pneumonia showed a depression of the 
RS-7 junction of | mm. following exercise. 
Inasmuch as a similar change had been 
noted in but a single member of the normal 
ontrol group, further observations of these 
patients seemed indicated. In 1 patient 
antecedent heart disease could not be 
excluded because of evidence of slight 
cardiac enlargement on teleoroentgeno- 
vyram. ‘The remaining 3 patients presented 
no evidence of heart disease. All showed a 
cle pression of the RS-7> junction of 1 mm. 
mmediately after exercise. It was possible 
0 follow 2 of these subjects over a period 
f several weeks while the third was not 
ivailable for further study. In the 2 
patients who were followed, the RS-T 
depression following exercise diminished 
to a fraction of a millimeter after the 
second week out of bed and remained at 
that level. Since the standard amount of 
exercise had produced a more marked 
tachycardia during early convalescence, 
the possibility arose that tachycardia alone 
might be responsible for the change noted. 
For this reason, after the standard test 
showed only minimal changes, the same 
degree of tachyeardia noted during early 
convalescence was induced by the working 
of a foot pedal against resistance. Under 
the latter conditions, the RS-T junction 
was not depressed by more than a fraction 
of a millimeter. It was concluded that 
some factor other than tachycardia had 
been responsible for the depression of 
RS-T following exercise during early con- 
alescence. At the time of the first test 
the chest film showed complete resolution 
of the pneumonic process in 1 patient and 
only a small area of consolidation in the 
other. It is of interest to note that Master!® 
describes a “positive” test in a 20 year old 
male with an unsuspected virus pneumonia 
followed by a negative test after complete 
recovery from the infection. 


Discussion. The effect of exercise on 
the electrocardiogram is governed by a 
number of variables which must be con- 
sidered in the interpretation of results. In 
a patient with diminished coronary reserve 
due to coronary artery disease it is possible 
to produce or intensify an alteration in the 
physicochemical state of the myocardium 
by increasing the work of the heart. A 
disproportion between the requirements of 
the myocardium and the coronary blood 
flow is created or intensified. Areas of 
ischemia or ischemia plus injury presum- 
ably develop for a variable period of time 
and modify the normal processes of acces- 
sion and regression in and about the areas 
involved. An area of injury would cause 
displacement of the S7 segment*® and 
areas of ischemia would be associated with 
T wave changes. However, the complex- 
ity of the conditions involved are such as 
to make prediction of results somewhat 
difficult. The size and distribution of the 
areas of ischemia and injury and, more 
specifically, their spatial relationship to 
the standard and precordial leads will 
influence the results. The degree or 
intensity of these processes as well as their 
location and extent must also be con- 
sidered. Both in theory as well as in fact, 
it is possible for an area of ischemia or 
injury to be so situated as to exert little or 
no effect upon the standard or precordial 
leads. Moreover, if the process is diffuse, 
it is conceivable that the abnormal elec- 
trical effects exerted in one direction as a 
result of an alteration in the physical state 
of the myocardium may be completely 
nullified in the recorded electrocardiogram 
by similar effects operating in a diametri- 
cally opposite direction. These considera- 
tions may account at least in part for the 
occurrence of a substantial number of neg- 
ative tests in patients with known coronary 
disease and diminished coronary reserve. 
They may also account to some extent for 
the failure of a certain proportion of 
patients to manifest electrocardiographic 
changes during paroxysms of angina pec- 
toris, whether spontaneous or induced. 
Another possible explanation is the pro- 
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IMMEDIATELY FOUR MINUTES TEN MINUTES 
CONTROL AFTER EXERCISE AFTER EXERCISE AFTER EXERCISE 
I 
It 
Ili 
big. 1.-G. M., 55-year-old white male with a history of anginal syndrome, performed the ‘‘standard”’ 
luring which he experienced precordial pain. There were no significant electrocardiographic changes 
llowi exercise The “double standard”’ test was subsequently 


duction of pain in certain cases by some 
other than that of myocardial 
Other the test 

include such technical features as the time 


mechanism 
ischemia. variables in 
relationship between the actual recording 
of the individual leads and the appearance 
and disappearance of areas of ischemia or 
injury which may influence these leads by 
virtue of their three dimensional position 
in space. 


Case Reports. Case 1. The patient, 
G. M., was a 55 year old male with a diag- 
nosis of coronary sclerosis and a typical 
history of anginal syndrome. There was 
evidence of mild cardiac failure and the 
patient was on maintenance doses of digitalis 
leaf. The control electrocardiogram showed 
normal sinus rhythm and no deviation of the 


performed with similar results. 


electrical axis There were no significant 
following the “standard” and 
“double standard” tests although the patient 
experienced anginal syndrome on both ocea- 
(Fig. 1). It is believed that this 
patient’s coronary reserve was sufficiently 
taxed under test conditions as evidenced by 
the appearance of precordial pain. It is 
obviously impossible to theorize as to which 
areas of the myocardium were subjected to 
increased ischemia or injury during the test. 
The failure of significant electrocardiographic 
changes to occur may be explained, at least 
in part, by the theoretical considerations 
mentioned above. 

CasE 2. 


changes 


sions 


This case, by contrast, affords 
an example of a positive test which may be 
explained or even anticipated on theoretical 
grounds, since the probable distribution of 
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damaged myocardium was known. The 
patient, E. B., was a 36 year old colored 
male who had recovered from a virus pneu- 
monia complicated by pericarditis with 
effusion. There was no evidence of ante- 
cedent heart disease. During the course of 
his illness, serial electrocardiograms showed 
ST segment and T wave changes compatible 
with pericarditis (Fig. 2). The exercise test 
was performed on the 43rd hospital day after 
all evidence of pneumonia and_ pericardial 
effusion had disappeared and the patient 
had been ambulatory for 1 week. The control 
electrocardiogram showed upright 7 waves 
in Leads I and II and an inversion of 7%. 
Following exercise there was definite inver- 
sion of 7, and restitution was not yet com- 
plete in the 10 minute tracing (Fig. 3). 


time of the test, the effects of exercise may 
be explained. With the more or less uni- 
form development or intensification of 
ischemia over this distribution of myo- 
cardium as a result of exercise, the mean 
direction of the normal process of repolar- 
ization would be altered or reversed. The 
subepicardial location of the ischemic zone 
in the form of a half shell, open at the 
base and closed at the apex of the heart, 
would tend to reverse the mean direction 
of the forces of repolarization. The resul- 
tant force, projected as a vector upon the 
frontal plane, would be expected to alter 
the 7 waves of Leads I and II. The actual 
results in this case fulfill the anticipated 
results in part. 


8/14/45 8/27/45 


| 


9/6/45 | 9/17/45 


26/45 


9/ 


hig. 2. Serial electrocardiograms taken during the course of a virus pneumonia complicated by 
pericarditis with effusion in a 36-year-old colored male. There was elevation of the ST segments of 
Leads | and II followed by return to the isoelectric level with inversion of T; and Ts. Subsequent trac- 
ings showed return of 7; and 7: to the upright position 


The primary 7 wave changes which 
occur in diffuse pericarditis have been 
explained by the assumption that the 
damaged subepicardial zone of the myo- 
cardium behaves as though it were 
ischemic. If some degree of subepicardial 
damage still existed in this patient at the 


The occurrence of a negative result in 
at least one-half of all patients with known 
coronary insufficiency detracts somewhat 
from the practical value of the test. In 
several problem cases which were studied, 
the diagnosis depended entirely upon a 
questionable or atypical history of anginal 
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IMMEDIATELY 


AFTER EXERCISE 


FOUR MINUTES 
AFTER EXERCISE 


Fic. 3.—E. B., the same patient whose electrocardiograms appear in Figure 2, performed the ‘“‘stand- 
ard”’ test following recovery from a virus pneumonia complicated by pericarditis with effusion. The 
T wave of Lead II became sharply inverted in the electrocardiogram recorded 4 minutes after exercise 
and restitution was not complete in the 10 minute tracing. 


syndrome, all other findings being normal. 
In all of these, the exercise test was nega- 
tive and a diagnosis of coronary insufh- 
ciency could neither be established nor 
excluded. In such cases the final diagnosis 
must depend upon further evaluation of 
symptoms and the subsequent clinical 
course. These factors remain the most 
important guides in the diagnosis of 
coronary insufficiency. 

In view of the possible criticism that 
our electrocardiographic criteria were too 
severe, the results listed in Tables 2 and 
5b were recalculated, using an RS-T de- 


pression of more than 0.5 instead of 1 mm. 
as indicative of a positive test. The 
material studied was exactly the same 
except that one additional patient with 
typical anginal syndrome had been added 
to the group. The results were now posi- 
tive in 41 of 92 patients with all types of 
heart disease (44.6%) and in 31 of 60 
patients with known coronary disease 
(51.7%). In the group of 32 patients with 
typical anginal syndrome, the results were 
now positive in 20 (62.5%). This still 
leaves a relatively large proportion of the 
patients with known coronary insuffi- 
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clency with a negative test. Moreover, the 


appearance of an electrocardiographic 
change of similar magnitude (RS-7 depres- 
sion of more than 0.5 mm.) in one of the 
controls who was normal in every respect 
makes it difficult to accept such a change 
Biorck has also 
expressed the view that an RS-T deviation 
of only 0.5 
normal is too liberal in the interpretation 
of results 


as distinctly abnormal. 


mm. as the upper limit of 


Emphasis has been placed on the neces- 
sity for the rapid recording of all 4 leads 
immediately following exercise in order to 
detect 
rapidly disappear. 


significant changes which may 
For this reason, the 
Cambridge “Simpli-Trol” was employed 
in the study of 11 patients with typical 
anginal S\ ndrome. The electrocardiogram 
immediately after exercise was recorded 
Ten 
patients had previously yielded negative 


in a maximum of 30 to 40 seconds. 
results with the slower technique requiring 
75 seconds to record the electrocardiogram 
and | patient had not been studied before. 
Only 2 of the 11 patients showed signifi- 
cant electrocardiographic changes with the 
Recalculation 
of the results using an RS-T depression of 


rapid recording technique. 


more than 0.5 mm. for a positive test, 
gave a positive result in only 4 of the 11 
patients studied. 

In spite of these limitatiors, it should be 
noted that the test was occasionally of aid 
in providing objective evidence of coronary) 
insufhiciency The following cases are 
briefly presented as examples of this type: 

Case 3. R.M., a 39 year old white male, 
complained of substernal pressing pain 
brought on by exertion and relieved by rest. 
Physical and roentgenologic examination as 
well as the 
negative 


control electrocardiogram were 
The standard exercise test gave 
equivocal results but the ‘double standard”’ 
test was positive, showing significant depres- 
sion of the RS-T junction of Lead II (Fig. 4). 
The patient experienced substernal and left 
shoulder pain during the test. The “double 
standard” test was repeated 2 months later 
following a 2 week course of theobromine 
with sodium salicylate (0.5 gm. q.i.d.) with 
similar results (Fig. 4). 
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Case 4. S.3S., a 57 vear old white male, 
precordial pain 
appearing on exertion and relieved by rest 
and nitroglycerine. Electrocardiograms at 
rest normal except for 1 tracing 
recorded during a spontaneous paroxysm of 
pain, which showed ST segment depression 
in the standard leads and ST depression 
and T Lead V;. The 
standard exercise test was performed and 
the patient completed only 15 out of 18 
trips because of the onset of precordial pain. 
Following exercise there a significant 
depression of the RS-T junction in Leads I 
and II and a‘ conversion of 7, from upright 
to diphasie (Fig. 5). 
evidence of coronary insufficiency had been 
obtained in the tracing recorded during a 
spontaneous paroxysm of pain so that the 
exercise test merely provided confirmation. 


complained of pressing 


were 


Wave inversion in 


was 


In this case, objective 


This case is presented, however, because of 
the interesting the 
changes observed during the spontaneous 
and induced episodes of pain.” The altera- 
tions noted during the spontaneous attack 
were more striking. 


similarity between 


The effect of digitalis on the normal 
work electrocardiogram has been studied 
by Zwillinger*® and by Liebow and Feil." 
The latter found that, following digitaliza- 
tion, significant ST segment and 7 wave 
changes occurred in some normal indi- 
viduals after the performance of 100 trips 
Since this 


represents approximately 2 to 5 times the 


across the two-step staircase. 


total amount of work performed by our 
s ibjects, the effect of digitalis was studied 
again under present test conditions. A 
normal 43 year old male performed the 
“double 


minutes) with no significant electrocardio- 


standard” test (46 trips in 3 
He was then digitalized 
The control 
ST seg- 
ment depression and diphasic 7 waves in 
Leads II and III but no change in Lead I. 


Following exercise, however, 7; was con- 


graphic changes. 
and the test was repeated. 
showed 


electrocardiogram now 


verted from upright to diphasic and S7; 
was depressed. This indicates that digitalis 
the 


to exercise 


may influence electrocardiographic 
test 


conditions. Nineteen of the patients with 


response under present 


heart disease were on maintenance doses 
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IMMEDIATELY POUR MINUTES TEN MINUTES 
CONTROL AFTER EXERCISS AFTER EXERCISE AFTER EXERCISE 
I 
II 
Cr 
4 
hy ) >. 2 1 57 vear-old white male comy leted only 15 out of 18 trips because of the onset cf 
precord Phere was a significant depression of the R ST segments of Leads I and II immediately 
ter exercise and conversion of Js from upright to diphasic in the 4 minute tracing. 
of digitalis at the time of the test and in acute infections is of interest. Although 
6.of these the results were positive (82%) only 4 of the patients tested showed more 


Of the 72 patients who were not receiving 
digitalis, 25 (35%) were 
these patients were not studied both before 


and after digitalization, it cannot be stated 


positive. Since 


whether digitalis played a significant réle 


in the determination of results. In view of 


the findings in normal individuals, how- 


ever, the possible influence of the drug 


should always be considered. 


The electrocardiographic response to 


exercise in patients convalescipg from 


than # minimal alteration, the subsequent 
disappearance of these changes in the 2 
subjects who were followed is of pessible 
significance. Electrocardiographie abnor- 
malities during the course of pneumonia 
have been described! 4298.33 and have 
included disturbances of rhythm and con- 
duction as well as changes in the auricular 
Slight eleva- 
depression of the RS-7 junction 


been small 


and ventricular complexes. 
tion or 
number of 


has noted in a 
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patients. 24.29 Some of the changes anginal syndrome. No serious untoward 
have been observed during the posttebrile reactions to exercise were noted. 

period and have been interpre ted as Ppos- =, Tl e electrocardiographic response 
sible evidence of active disease processes was positive in 7 of 10 patients who experi- 
of the heart. The persistence of some enced anginal syndrome during the test. 
alteration in the state of the myocardium {. A small number of patients with a 
during early convalescence, not manifest negative “standard” test showed a positive 
at rest but reflected in the electrocardio- test when the “double standard” exercise 
graphic response to exercise, may expl un Was pt rformed. 

the slight changes we have observed and 5. The test provides a means of deter- 
their subsequent disappearance. mining coronary insufficiency when other 


means are not available, although it does 
Summary and Conclusions. 1. The not do so in all cases. The practical value 


Mastet “two-step” exercise test was per- of the test appears to be limited by a high 

formed in 163 subjects including controls, incidence of negative responses. 

patients with heart disease na patients 6 The theoretical aspects of. the test are 

convalescing from acute illness discussed. The possible influence of differ- 
The lectrocardiographic eha ges fol- ent ele ctrocardiographic techniques and 


lowing « cercise were regarded as SI I i fie ant crite ria as well as the influence of food, 


in 10) LQ ot 59 patients with coronary dis- digitalis and recent acute illness are con- 


ease and in 48.3% of 31 patients with sidered. 
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THE TREATMENT OF ANURIA BY INTESTINAL PERFUSION 


By H. 
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FREDERICK P NELL, 
Mi Dr. Edwin L. Bruck. 


‘reasiIng izZotemla ind ure la hot 
uncommon It may follow su videl 
liversified conditions as transfusions with 
Incompat ne Ol othe r emolr ti 
the cru One ot pl im 
certa Ol notabl tran I thra 
resectlo Dit etroeracie 
ea Mistration of sulfona 
G ¢ Lire ( i powon 
ind othe orgun om- 
po ne | to roon tet ichio if 
‘| I | ite Im sil ( un- 
rortunat I eCUUSEe ( rapid 
iccumMuiat nitrogenou ind ¢ 

Waste in thre \ ) nor- 
e excreted ( Winevs 
Ofte evi le renal lesions cannot be 
demonst at) postmorten 
tion The problem such instance 
then, s to tide the patient over that 
period of renal ins ificieney until such 
time as the damaged kidneys can resume 


their normal tunctions 


‘ 
The concept. of treating acute renal 


xtrarenal excre tion is not 


Rowntree and Turner! in 


194 were the first to devise a method 
for external dial by means of an 
“artificial ane’ The skin has been 


utilized In the pa tas a route of exe retion 
‘ 
tubbing and diapho- 


Nor is the use of the 


tinal tract 


OV means OF 


resis castro-intes- 


as a means of extrarenal excre- 


tion new Purging, gastri lavage, re- 


peated enema all been attempted. 


Recenth) Rogers, Sellers and Gornall have 


shown ti at when urgically olated loops 


| 
of bowel are perfused 


in nephrectomized 


logs, the blood non-protein nitrogen can 


be re lueced. 


Peritoneal lavage, i ogue at the mo- 


ment, was first emplo ed 1), Gantner, 


in 1923; and was recently revived by 


Frank, Seligman and Fine Nonetheless, 
the use of the pe ritoneum has certain 
Practical objections | the need for 
trict a epti technique and the potential 
n on of Tie periton im by organisms 
not | ( tible to i lable antibiotics: 
2) mechanical difficulties encountered in 
e elaboration fibrin by the perito 
lum and t redue of its efficiency 
as a dialyzin nembranne when covered 
with a plastic fibrinous exudate; and (3 
he nece ssity of operating upon a patient 
ilready eriticalls ill, to invoke its use. 
The utilization of the small intestine 
as a dialvzing membrane with volume 


that 


¢ has never 


comparable to 


lavas 


How ol pertusate 
maintained in peritonea 
knowledge, been 


Yet the small 


to our attempted in 


humans. intestine appears 


to be the ideal dials Zing membrane for 
the following reasons | it is accessible 
without operation; with its corru- 


gated”’ surface and great length it pre- 


sents a large surface area; (3) notoriously, 
it imposes a barrier to infection; and (4 
one of its most important functions under 
normal conditions is to permit diffusion in 
both directions. 

The following Case 1 re ported in which 
massive intestinal perfusion was employed: 

Case Report 1. A 45 vear 
admitted to the Sept. 23, 1947, on 


\ his- 


old woman was 
hospital 


the service of Dr. C. E. Sehlichtman. 
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tory is obtained from friends that she is sl Figure 1, and all subsequent 
I 1 ( ( nk N aleohol CXCeSSLVE ly and specimens Ce ntained large amounts of albu- 
that Cri pre eding day had ingested an min, white bl od cells, epithelial cells and 

aete nate amount ol cleaning fluid. evranular casts. 
r} is subsequently determined to con- By the Sth hospital day she was com- 
tair imber of ingredients, including — pletely comatose and the blood non-protein 
naphthalene, glycol ether and a variety ol nitrogen was 550 mg. per 100 ce. Intestinal 
drocarbons, ranging in volatility between — perfusion was started through 2  Miller- 
gasoline and kerosene Abbott tubes placed in the small intestine 
mination she was found to be dis- asshown in Figure 2. At the end of 12 hours, 
oriented, confused and restless. The tem- approximately 22 liters of fluid had run 
ature Was 49 ( and the pulse rate through and the blood non-protein nitrogen 
120 pr nute \ few fine crepitant riiles had dropped to 121 mg. Twelve hours late 
ver eard at the right lune base. The it WAS found to be 66 meg. The concentra- 
( ormal and its rhythm regular tion of non-protein nitrogen in the initial 
rh essure was 100.70. The lower mar- sample ol perfusate was 50 me. pel LOO ce. 
he liver was tender and extended Intestinal perfusion Was continued in this 
» ¢ elo t] ! oht costal margin. The fashion for 7 days. Then, because of the 
Loe is not felt. The extremities were increasing urine output, the perfusion opera- 
ind there was no edema. The blood tion was maintained only on a half time 
contained 15.5 gm. of hemoglobin and the basis and then completely discontinued. At 
te blood cells numbered 21,000. this time she looked well clinically, was 
| 
| 
r 4 
500F 
| 
r N 
oO 
3 
3 r \ 
N a 
~ 
8 
| 
\ 
Hospital Days 
The following day she was definitely oriented, rational and complained of no dis- 
aundiced with the lower liver margin ex- tress. The jaundice had disappeared and 
tending downward below the iliac crest. the liver edge receded to the costal margin. 
Icteric index was found to be 36. On this However, during the next 48 hours the non- 
lav 300 « urine were obtained, contain- protein nitrogen rose from 49 to 103 mg. 
ng 1 Ihumin, normal sediment and a and the creatinine from 11.2 to 12.3 mg. 
specific g ty 1.022. This was evidently per 100 ec., whereupon treatment by perfu- 
partly at least) residual urine antedating sion was reinstituted. 
hrotoxie action of the cleaning fluid. In the preceding 4 days increasingly fre- 


output then dropped off abruptly, 


quent extrasystoles had developed and there 
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was a noticeable decrease in the duration of 
systole. On the evening of the 15th hospital 
day (the 10th dav of intestinal perfusion 
while talking to the nurse, she gasped and 
suddenly expired Studies of the blood 
taken within 24 hours before death revealed 
the following total protein, 5.9 gm. per 
100 with the albumin fraction 3.3 
calcium, 9.4 mg.; phosphorus, 4.1 mg.; sod- 
lum, 139.5 mEq. L. and serum potassium 
not reported intil after death), 1.1 meq Li 
NECROPSY The braiv is I und to be 


Each pleural 
f clear fluid. 


moderate 


normal except tor m ld edema 


cavity contained about 200 ce 


only edema 


showed 


1e heart appeared to be normal botl grossly 


y. The 
contained about 30 ec. OT cleat fluid 


pericardial 
There 


a fibrinous pericarditis 


and microscopically Sat 
Was no evidence oO} 
The abdominal 
LOOO ee. of 


showed shigl 


cavity contained about 
transudate. The small intestine 
edema of its coats but was 
In the 


just distal to the lig 


Treitz, there was about 3 by 


not otherwise remarkable retroper! 

ament ol 

an ecchyvmosis 
Otherwise 


Phe line 


Its capsule was 


? 
no 


were seen 


1590 on 


wrinkled On section, accentuatior 


noted, 


central zone markings was 


somewhat the appearance of a nutmeg live) 
all the lobules 


necrosis. The 


normal 


Microscopically, ot showed 


extensive central sinusoids at 


the periphery were The kidne 


were considerably enlarged, the rigl t Weig! 
ing 315 gm. and the left 310 en The 
external surfaces were smooth and _ pale. 
The capsules stripped easily. The cut sur- 


faces were moist and edematous. The 
teX thickened, the 
detail was somewhat hazy and the cortico- 
medullary defined 
Microscopi ally, the glomeruli showed mod- 
There 
areas of lymphocytic infiltration in the inter- 
stitial The proximal distal 
convoluted tubules showed marked cloudy 
The 
contained small amounts of amor- 
phous material 
tained bile 


COT- 


was slightly structural 


unctions were poorly 


erate congestion were occasional 


tissue and 
swelling and were somewhat dilated 
lumina 
tubules 


Occasional con- 


stained casts. 


Discussion. 
3 types ot 


In the care of this patient 
problems were involved: | 
general problems in medical management: 
2 mechanical problems with regard to 
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placement, maintenance and operation of 
the tubes; and (3 
the 


( he mical problems in 


maintenance of water, electrolyte, 
and id base balance 


\t the 


precluded Spe cial nurse 


onset, financial conside rations 


in constant at- 


tendance, certain laboratory procedures 


which would have been helpful in man- 


agement, and the use of buffered electro- 
ly tically balanced hy pe rosmolar solutions. 
\s the utter hopelessness of the situation 
Was gradually abandon d, and the picture 
of these advantages 


brighte ned, some 


became available to u 
nutri- 
of 


An indetermi- 


Attempt was made to maintain 
tion by 


LOOO ee. 


administration 


ot plasma daily. 


intravenous 
nate amount of glucose was also absorbed 
from the perfusion fluid. Additional par- 


enteral vitamins would have been desir- 


able, but these were never given. 

\s the patient roused from coma, she 

increasing the 
The ot 


considered, inas- 


restless and noisy, 
difficulty of 


sedatives Was care fully 


became 
nursing care. use 
their excretion rate in an anuretic 
factor. It 
was finally decided to administer paralde- 
hyde 
largely 
ideal 


as often as required 


h is 


individual was an unknown 


parenterally, as its excretion Is 


pulmonary This proved to be 
of 5 to S& ce. 
No harmful effects 
from the drug were detected. 


The Miller-Abbott 


orally in the usual manner 


an sedative in doses 


tubes were passed 
The first was 
placed in the duodenum and the balloon 
inflated before attempt was made to pass 
\ll in all, 


tubes 


the patient pulled 
the 
The former 


the second. 
both 
proximal tube on 1 oc¢ 


out twice and vomited 


asion. 
accident was prevented subsequently by 
more constant nursing care, re- 
straints and the liberal use of paraldehyde. 
It was felt that vomiting was produced 
by reflux of fluid into the stomach, pro- 
the 


never again 


which initiated 


This 


encountered when the proximal tube was 


ducing distention 


vomiting reflex. was 
anchored in the third portion ot the duo- 
denum. The perfusing fluid was adminis- 


tered by drip method through the proxi- 


== 
‘ 
Phe 
= 
th 
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The 


Was always maintained as 


mal tube with its balloon deflated. 


rate of flow 
high as was mechanically possible. Initi- 


ally, because we were uncertain as to the 
which 


would be produced in the small intestine 


amount of trauma and edema 


by this massive flow, relatively long “ rest 


perlo is” were ordered. However. as we 
became more familiar with the method, 
and as the patient became conscious, 
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The bag was 
On the following 
day the distal end of the tube was seen to 
emerge from the rectum. Evidently the 
bowel had shortened and threaded itself 
over the tube. 


anchored at that point. 
then partially deflated. 


Following this, by means 
of the fluoroscope, the distal end of the 
tube was withdrawn to a position in the 
terminal ileum and the bag still further 
deflated with no subsequent trouble from 


Roentg 


enogt 


more cooperative, and rarely complained 
ot pain, these “rest periods” were gradu- 
minutes 


ally shortened empirically to 5 


out of every hour. It is questionable 
Ordi- 


Baxter suction was applied to the 


whether they were at all necessary. 
nary 
distal tube which was allowed to migrate 
After 


reviewing this roentgenogram it was felt 


to the ileum as shown in Figure 2. 


that a still greater perfusing area should 
be utilized and, accordingly, 3 more feet 


of tubing were inserted and the tube then 


im of Mille: 


Abbott tube 1 intestine. 


“migration.” On several occasions a tube 
was inserted into the rectum and the dis- 
tal bag completely deflated in order to 
bring the entire intestinal tract into use 
This, however, 
was found to increase the difficulty of 


as a perfusing surface. 


nursing care and make the measurement 
of output more inaccurate without appre- 
clably increasing the effectiveness of the 
Occasionally the distal tube 
became obstructed, following which the 
abdomen rapidly distended and the rate 


operation. 


f 
4 
: 
& 
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oft in itomaticall deerea ed Dur- 
in the comp! te efiation. ot 
the bag along with rinsing « {1 
vith air o1 line wa all that was neces- 
iry to reéstablish normal function 
It Wil ipparent ul the outset t] 1 if 
caretull lanced fluids such as modified 
rode oOluTION a uggested for perito- 
neal la { ould have been tilized in 
this Cast ( I probliet m electrolyte 
iter and 1 base balance would ha 
Intake A 
lin 
= 


minimized and_= indeed 


pe rmitted recovery. 
The e solutio1 vere not available to us 
at the tim \ccordingly, perfusion was 
begun with saline prepared by the simple 


expedient ol dissolving 9 tablets of sodium 
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chloride, 1 gm. each, pet ap water 


which had been warm 0 bod tempera- 
ture In the first 24 hours, 42.7 liters of 
this solution were instilled. ‘The fall of 
non-prote in 0 n irom a level ot 
330 mg. just prior to the onset of treat- 

>and to 66 meg. 


ment to 121 mg. in 12 hour 


at t ie end ot IS oul of treatment Was 


eratif ving however, DV this time a 


positive fluid balance of over 6 liters had 


been ach d which wa easily apparent in 
\ \ 


/ ~ 
| 
Li 12 ] 14 
ital ys 
the de elopment of mi: ive edema Al- 


though the saline solution Was roughly 


isotonic, increased intraluminal pressure 


and other faetors aided in 


the 


undoubted], 
absorption of sodium which allowed 
edema. 


the development ot At this point 


3 
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lO” was substituted for saline in 


glucose 
the perfusion fluid with subsequent de- 
velopment of a negative water balance 
and corresponding decrease in 
This e led to 
with moderate hyperpnea. 


edema. 
acidosis 
The 
100 ce., no 

the 
and 


Was ho reason to suspect ketosis. 


ventually clinical 


sugar level was 270 mg. per 


ketone bodies were found in small 
there 
Deter- 
mination of the plasma bicarbonate was 


possible at the time. 


amount of urine obtainable, 


not 
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carbonate was thereby converted to car- 
bonic acid and blown off as carbon dioxide. 
At any rate, the perfusion fluid was again 
changed to include 8 gm. of sodium chlo- 
ride and | gm. of sodium bicarbonate per 
liter. The patient was followed along in 
this manner with the perfusion fluid al- 
the clinical 
picture at the moment inasmuch as com- 


tered frequently to correct 


plete laboratory data were never available. 
The level of the blood non-protein nitro- 


gen was maintained roughly inversely 


CCe 
T 


5 
3 6 7 8 9 10 ll L 13. 15 
Hospital Days 
t.—Comparisons of levels of blood urea nitrogen and blood creatinine with the non-protein 


nitrogen of the perfusate. 


felt that with the rapid with- 
drawal of sodium from the extracellular 


It was 


fluid, there was not a corresponding de- 
crease in bicarbonate since the latter ion 
was, 1n a sense, forced to compete with 


chloride for diffusion. The excess of bi- 


proportional to the volume flow of perfu- 
fluid and did vary 
perceptibly with the character of the solu- 
The level of 
non-protein nitrogen in the perfusate was 
determined periodically and found to de- 


sion not appear to 


tion as shown in Figure 3. 


— 
48 
= ab 
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cline at approximately the same rate as 


Fig. 4 
However, the blood creatinine continued 


the urea nitrogen of the blood 


to rise. Appreciable amounts of creati- 
nine were found in the perfusate but 
accurate determinations were for some 
The continued rise in 
blood 


explained. It is 


reason impossible. 


concentration of creatinine was 


never entirely known 
that the normal renal excretion of creati- 
nine in humans is mostly a glomerular 
but partially a tubular function. In intes- 
tinal diffusion this component of tubular 
lacking. The 


creatinine excretion can- 


secretion is probably de- 


creased rate of 
not be « xplained on the basis of molecular 


Nonetheless, 


urine flow had increased and the intestinal 


sIze. when the volume of 


perfusion was eventually reduced and then 
discontinued the creatinine rose from 11.2 
to 12.3 mg. while the non-protein nitrogen 
from 49 to 1038 mg. It this 


abrupt rise which caused us to reinstitute 


rose Was 
the perfusion operation. 
that dis- 


turbances In electroly te balance were un- 


We were constantly aware 


doubtedly being produced. This became 
more apparent with the development of 
premature contractions and shortening of 
the phase of systole. Total serum calcium 
remained within normal limits, probably 
at the expense of its large reserve in the 
bones. No attempt was made.to deter- 
mine the value of ionizable calcium, but 
in the presence of an essentially normal 
concentration of blood proteins it was 
felt that the level of diffusible calcium was 
not abnormal 

With 
amounts of isotonic sodium in the perfu- 
sion fluid it seems likely that the concen- 
tration of sodium in the blood remained 


the administration of the large 


within the range of normal and that in- 
total 
creased the volume of extracellular fluid. 


creased body sodium simply in- 
Our greatest concern, however, was over 
the disturbance we were producing in the 
level of serum potassium, although one is 
accustomed to think of potassium as pre- 
intracellular cation and, 
therefore less likely to be affected by dis- 


dominantly an 
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turbances in electroly te balance. It is 
logical to assume that any alteration in 
the state of dynamic equilibrium which 
normally exists across the cell barrier by 
primarily depleting extracellular potas- 
sium, should secondarily lead to reduction 
of the intracellular potassium concentra- 
tion. It has long been known that in 
uremia the serum potassium frequently 
In this instance 
that the 


might be true, inasmuch as an undeter- 


reaches very high levels 


it appeared probable reverse 


mined amount of potassium was being 


withdrawn into the perfusate without 


the 
amount administered in the daily plasma 


being replenished save for small 


transfusion. This proved to be the case. 
Because of the difhe ult, of determining 
the the 
serum, no attempt Was made to follow its 


concentration of potassium in 
level until the development of a cardiac 
made its determination a 
Accordingly, 
death, blood was withdrawn for the deter- 


arrhythmia 
necessity. 12 hours before 
mination of potassium content but unfor- 
the 
until after death. 


report was not obtained 
\ level of 1.2 mEq. # 


as determined by the flame photometer 


tunately 


method is extremely low (normal 4.1 to 


5.6 mEq. L.) Depression of potassium 
of this degree 1s consistent with the devel- 
opment of frequent premature contrac- 
tions and sudden death. 

Summary. 
shown to be an easily accessible dials zing 
membrane with the use of Miller-Abbott 
tubes. By 


How the blood non-protein and urea nitro- 


The small intestine has been 


means of massive perfusion 


gen can be maintained at reasonably low 


levels in an anwric individual. Creati- 
nine appears to diffuse through the intes- 
tine at a slower rate, permitting accumu- 
lation in the blood. It is believed, how- 
that 


per se have a considerably lessened sig- 


ever, increased levels of creatinine 
nificance if nitrogenous and other wastes 
can be removed by extrarenal excretion. 

No 
removal of phenols, paracresol, indican, 
felt by 


servers to be responsible for the uremic 


information was gained as to the 


guanidine, and others, some ob- 
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syndrome and the eventual cause of death. can be prepared in the average hospital 
It is to be pointed out, however, that the pharmacy in large quantities without too 
patient looked well just before her sudden great difficulty. 

demise and presented none of the clinical At necropsy no important ill-effects ap- 
signs of uremia. We believe that the pear to result from this form of therapy. 
extremely low level of serum potassium 
attained was the direct cause of death bj Conclusions. |. A method of treat- 


inducing ventricular — fibrillation. This ment of anuria by intestinal perfusion is 


should never again be encountered nor presented, 

2. A case is reported in which extrarenal 
lvte. water and acid-base balance occur if ‘excretion by intestinal perfusion was em- 
electrol: tically balanced solutions are ployed. 


used for perfusion. These fluids need not 3. The problems encountered by this 
be sterile nor pyrogen-free and probably form of therapy are discussed. 


With grateful acknowledgment for helpful suggestions given us by Dr. Herbert C. Moffitt. 
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THE NORMAL RED CELL IN INFANCY AND CHILDHOOD; 
SOME RECENT ADVANCES 
By BENJAMIN DICKSTEIN, M.D. 
AND 
IRVING J. WOLMAN, M.D. 
PHILADELPHIA, PENNSYLVANIA 
From The Children’s Hospital of Philadelphia (Department of 
Pediatrics, School of Medicine, University of Pennsylvania 
This article attempts a condensed The mean diameter is about 7.2 micra 
survey in sequential order of recent in dry films, and 8.0 in fresh wet 
contributions to the understanding of _ states. 


the red cell in infancy and childhood. 
Attention is paid to structure, mecha- 
nisms of hemolysis, osmotic resistance 
as a measure of functional integrity of 
the cells, embryogenesis, and normal 
values and variations in the red count 
during infancy and childhood. More 
detailed expositions of some of the fea- 
tures can be found in the summaries 
by Maximow and Bloom” 
Best and Taylor 
trobe 


(anatomy), 
(physiology), Win- 
Ponder” 


disease states). 


hemolysis), from whose descriptions 
the discussion of red cell structure has 
been largely compiled. 

Structure. When examined in pro- 
file the red cells appear as biconcave 
with 


discs rounded ends and a 


con- 
stricted middle part, more marked on 
one side than the other. Considerable 
variations diameter may exist be- 
tween the smallest and largest cells. 
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in 


The pale greenish-yellow color of the 
hemoglobin in the red cell is thickest 
at the periphery. 
cells the color turns into a distinct 
red. When the cells are lysed the 
hemoglobin is dissolved out into the 


In dense masses of 


plasma. The colorless corpuscle which 
remains is called a ghost or shadow 
of the 
original hemoglobin may still remain 


cell, though as much as 30 
(Ponder).*** The proportion of fixed 
stromal framework to hemoglobin ap- 
pears to be about 3.4%. 

Red cells are extremely soft and flex- 
ible. The slightest mechanical pres- 
sure may passage 
through a fine capillary distorts their 
shape, but they return to the usual 


such as occur in 


form as soon as the pressure is relieved. 

Red cells possess a thin, semiperme- 
able membrane composed of lipids and 
The membrane al- 
water-soluble 


protein molecules. 


lows water and some 


‘ 
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substances to enter freely but is rela- 
tively impermeable to cations such as 
Under 


physiologic conditions the interior of 


those of potassium and sodium. 


the red cells and the plasma are in a - 


It the 
molecular concentration of the plasma 
is lowered through the addition of 
water enters the red cell. If 
the osmotic pressure of the plasma in- 


state of osmotic equilibrium. 


water, 
creases, the red cell vields water to 
the plasma. 

The evidence indicates that the sur- 
face membrane is a zone of assorted 
proteins and lipids only a few mole- 
thick. The interior of the cell 
possesses a sponge-like stroma of the 
same or similar materials, probably in 
the form of a gel. 


cules 


There is also an 
outer coating of “anti-sphering” pro- 
tein, a fraction of serum albumin which 
This 
protein layer aids in maintaining the 
discoid shape. 


can be absorbed away by glass. 


When a cell suspension 
is placed between a glass slide and 
coverslip the shape becomes spherical. 
With plastic slides and coverslips this 
Hemoglobin is held 
the stroma, or 


does not happen. 
in the meshes of 
likely is bound chemically to 
stroma substance itself. 


more 

the 
The water con- 
tent of the red cell is lower than that 
the fixed tissues, 
amounting to about 60%. Hemoglobin 
makes up 50 to 90% of the total solids 
of the cell 


weight 


of most cells of 


and almost 34% of its fresh 
Other proteins (0.5 to 1%), 
phospholipids (lecithin and cephalin) 
and cholesterol (0.4 and 0.3%, respec- 


tively), inorganic salts. urea, amino 
acid, creatine and trace amounts of 
other substances make up the re- 


the cell solids. Much of 
the lipid lies at or near the surface. 
{part from hemoglobin the principal 
protein of the stroma is “stromatin” 
which in amino acid composition re- 
Potassium is the 


mainder of 


sembles the keratins. 
principal base. 

The behavior of the red cell in solu 
tions of varying osmotic pressures is 
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that of a colloidal system limited by a 
semi-permeable membrane rather than 
that of a membraneless gel. Not only 
does the law of isotonic coefficients 
hold for it, but the volume changes in 
solutions of varying concentration are 
in accordance with osmotic laws and 
not with those governing the swelling 
The fact that the cell body 
shrinks rather than swells as its pH 
is carried in the alkaline direction from 
the isoelectric point of its chief protein, 
hemoglobin, is indicative of an external 
membrane possessing differential per- 
meability to ions. 

The conceptions of the molecular 
structure of the surface membrane and 
the cell interior are still far from clear. 
Ponder***” has summarized this con- 
troversial problem. It is likely that 
the stromatin protein forms a support- 
ing intracellular matrix which is con- 
jugated loosely with the hemoglobin 
mass. The discoid shape of the normal 
red cell results from the organization 
of molecules of surface and stroma, 
and is influenced also by the plasma 
albumin absorbed on the surface of the 
cell. 

The usual stay of the mature non- 
nucleated red cell in the circulation is 
approximately 110 to 120 days (Molli- 
son and Young,*"*”). As the red cells 
age in the blood stream it is thought 
that they may become more spheroid 
and lose some elasticity, so that thread- 
ing the small capillaries becomes 
mechanically more difficult. Old cells 
may fragment within the blood stream, 
or pass to oblivion in the recesses of the 
spleen. It is believed that in hemolytic 
processes the oldest cells are the first 
to be destroyed (Dameshek).”*” 

The longevity of red cells is a rela- 
tive matter, and depends upon environ- 
mental circumstances. The life span 
of red cells is determined by: (1) the 
intrinsic properties of the cell itself; 
(2) the activity of blood-destroying 
mechanisms which may or may not in- 
clude the presence of a hemolytic proc- 


of gels. 
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ess; (3) in the case of transfusion, the 
adaptation of this mechanism to the 
transtused cells. Transfused cells may 
the circulation at a 
regular rate indicating that the prin- 
cipal cause of death is old age, yet 
their life be much shorter 
than occurs in the original donor. The 
majority of formed at 
time die at the same time; some may 
be destroyed without regard to their 
age but old age seems to be the main 
factor which determines the life span. 

(These generalizations regarding the 
structure of human red cells have been 
worked out without special reference 
to the factor of age of the subject.) 


disappear from 


span may 


red cells one 


Hemolysis. The present status of 
the hemolytic mechanisms have been 
outlined in detail in Dameshek’s re- 
cent reviews, with the provoking 
that more is known about 
abnormal blood destruction than about 
normal processes. Dameshek believes 
that no single mechanism can be in- 


comment 


criminated as being solely responsible 
for all hemolytic states. Hemolysins de- 
fined as substances of any kind which 
directly or indirectly injure the red 
cell lead to its destruction, are 
divided into two types: simple and 
complex. Simple hemolysins are chem- 
icals such as saponin, lecithin, lysoleci- 
thin, arsine gas, benzol, and some of 


and 


the sulfonamides or their end prod-- 


These cause the immediate de- 
struction of the red cell without the 
intervention of any intermediate sub- 
stance. Complex hemolysins, in con- 
trast, injure the surface membranes as 
amboceptors, but do not actually de- 
stroy the red cells unless or until com- 
plement is added also. 

Dameshek views agglutinins as being 
distinct from hemolysins, and much 
more Some agglutinins act 
at or above body temperature (warm 
agglutinin, e. g., the anti-Rh agglu- 


ucts. 


common. 


tinin), some act at any temperature, 
(e. g., the iso-agglutinins, anti-A and 
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anti-B), and some act best at icebox 
temperature, i. e., cold agglutinin. 


“Agglutinins may also be pure or sim- 
ple in type, without any but an agglu- 
tinative action, or they may be more 
complex, i. e. act as agglutinins in one 
set of circumstances but as hemolysins 
under other conditions, e. g. when com- 
plement is added.” In the absence of 
complement, agglutinins are believed 
to increase the fragility of the sensi- 
tized red cells to mechanical stress or 
strain. Stasis (Ham and Castle),"' 
splenic activity (Dameshek),“* and 
physico-chemical changes in the en- 
vironment must also be considered. An 
incomplete injury leads to spherocy- 
tosis, which is a change in shape indica- 
Greater in- 
jury leads to escape of the hemoglobin, 


tive of partial hemolysis. 


and perhaps to complete destruction 
of the cellular structure itself. 
It is generally believed 
Ponder Dameshek 
a few exceptions, the shape changes 
which initiate accompany the 
breakdown of a red cell follow sub- 
stantially the same pattern no matter 
what the hemolytic agent. The first 
change, the 
appearance of small discrete irregulari- 
ties on the discoidal surface, believed 
to indicate a_ focal the 
hemolytic agent with molecular group- 
ings of the cell membrane. As hemoly- 


(Haden. 
) that save for 


and 


according to Ponder. is 


reaction of 


sis progresses the number of crenation 
points increase until the entire surface 
is thickly studded. At the same time 
the cell tends to become spherical. 
The crenations become more numerous 
and finer and finer, and soon are no 
longer The cell then 
has the appearance of a glistening 
sphere with a smooth surface. During 
the first phases of this process, hemoly- 
sis may be prevented by washing off 


recognizable. 


the saponin or adding normal serum 
which neutralizes the hemolytic action 
of this and many other substances. The 
red cell may then return to its original 


shape. But if the hemolysins are per- 


mitted to act until the discoid cell has 
grown smooth and round, the process 
becomes irreversible and the distended 
red cell tades rather suddenly from the 
microscopic field. During the stage 
ot fading it is known as the “prolytic” 
sphere. The hemoglobin flows out 
rapidly through the open pores and 
only a gossamer-like “ghost” remains. 
Ponders direct microscopic studies 
of the changes in form which take 
place during hemolysis have led him 
to hypothesize that two cell com- 
ponents are involved in lysis. The 
first is concerned with mechanical 
rigidity and maintenance of the bicon- 
cave shape. The second is concerned 
with the prevention of the outward 
diffusion of hemoglobin. Some lysins 
such as lecithin seem to act on the 
“rigidity component” much more rap- 
idly than on the “permeability com- 
ponent,’ whereas other lysins such as 
saponin produce their effects on the 
two components more nearly simul- 
taneously. “To give the terms a definite, 
if temporary, meaning, we may think 
in the meantime of the shape com- 
ponent as being a supporting ultra- 
structure, probably, but not necessarily, 
situated at the surface of the cell, and 
of the permeability component as be- 
ing a layer or membrane, only a few 
molecules thick, situated somewhere in 
the thickness of the ultrastructure.” 
The ionic and osmotic equilibria 
which attend the red cell in various 
media, and particularly plasma, have 
interested many workers, and a large 
body of literature has been built up. 
The most recent report is that of Ja- 
cobs and Stewart.* These authors 
summarize some of the earlier work and 
propose a mathematical formula to 
treat with all theoretically possible 
oases. This formula deals with the 
many different combinations inside and 
outside the cell of penetrating and non- 
penetrating anions, penetrating and 
non-penetrating cations, penetrating 
and non-penetrating neutral molecules, 
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and proteins. “Even with the necessary 
restrictions that there must always be 
an electrical balance between anions 
and cations and that every penetrating 
ion and molecule must be represented 
at equilibrium on both sides of the cell 
boundary, they number several hun- 
dred.” 

Jacobs and Stewart*! point out that 
only the problems of the anions in re- 
lation to red cell permeability have 
been studied to any great extent. The 
surface membrane is freely permeable 
to most anions (the citrate ion is a prom- 
inent exception), and therefore “its 
continued existence in a salt solution 
is dependent upon either a physical or 
physiological (Harris)'’ impermeability 
to cations. Without restraining forces 
of a magnitude greater than those be- 
lieved to be present, a simultaneous 
permeability to both anions and cations 
would be incompatible with the preser- 
vation by the cell of its normal volume. 
Consequently any agent that makes 
erythrocytes permeable to cations 
should have hemolytic properties. A 
good example of such an agent is n- 
butyl alcohol (Netsky and Jacobs).”** 
This general type of hemolysis, known 
as colloid-osmotic hemolysis, has been 
recently investigated by Willbrandt,*’ 
who has shown it to be of frequent 
occurrence. Colloid-osmotic hemolysis 
can be prevented or greatly retarded 
by low concentrations of non-pene- 
trating non-electrolytes like sucrose. 
Jacobs and Stewart believe simple os- 
motic principles can account for colloid- 
osmotic hemolysis and other puzzling 
phenomena, such as the hemolytic ef- 
fects of ammonium salts and their in- 
hibition by addition of sufficient sod- 
ium chloride solution. 

Findlay": points out that in hypo- 
tonic saline solution, the escape of 
hemoglobin from the swollen red cells 
appears to be by diffusion through the 
cell membrane, leaving the stroma and 
cell membrane pale but still recog- 
nizable. Distinction must therefore be 
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drawn between hemosmosis (escape o! 
hemoglobin) and stromatolysis (disinte- 
gration of the cell body). 


One hemolysin present in trace 
amounts in normal blood serum is 
lysolecithin. Lysolecithin was used by 


Singer*’ as a means of testing red cell 
fragility. Normal cells showed incom- 
plete hemolysis at a lysolecithin dilu- 
tion of 1 to 16, whereas the cells of con- 
genital hemolytic jaundice showed com- 
plete hemolysis at this dilution. Singer 
noted that some patients whose red 
cells exhibited a normal saline fragility 
had a rapid lysolecithin reaction. In a 
few patients with sickle cell anemia 
there appeared to be a lack of parallel- 
ism between the resistance of the red 
cells toward hypotonic saline as com- 
pared with lysolecithin. 


Osmotic Resistance. The fact that 
the integrity of the red cell becomes 
abnormal in certain diseases has led 
clinicians to search for such an abnor- 
mality when the presence of these 
diseases is suspected in their patients. 
The most widely employed test for dis- 
turbed cell structure is that of “fra- 
gility,” in which small quantities of the 
blood under investigation are distrib- 
uted through a graded series of hypo- 
tonic aqueous solutions of sodium 
chloride. This test has a sound theo- 
retic foundation, as will be brought out 
in succeeding paragraphs. Unfortun- 
ately the recommendations for the pro- 
cedure given in most texts on clinical 
pathology fail to control several crucial 
variable’s. In Fennel’s’® phrase, “our 
methods of investigation have been 
about as simple and accurate as tickling 
a flea in the ribs with a telegraph pole.” 

Hypotonic salt solutions are, of 
course, but one kind of abnormal en- 
vironment. Of as great or greate! 


potential value for information are 


solutions containing thiourea, glycerol, 
lysolecithin, urea, ethylene glycol, or 
other penetrating or non-penetrating or- 
ganic and inorganic substances. 
osmotic resistance 


Alter- 


ations in can be 
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found more or less regularly in con- 
genital ictero-hemorrhagic anemia, 
Mediterranean (Cooley's) anemia, and 
2nd sickle cell anemia. It is obvious, 
of course, that interpretations of find- 
ings in abnormal states depend on the 
values for the normal and the ranges 
of normal variation. 

One must always bear in mind that 
the osmotic approach deals not with 
single red cells but with population 
samples composed of many millions of 
units. 


homogeneous with respect to osmotic 


These populations are far from 


resistance. 
ceptibility 


Curves of percentage sus- 
become apparent when 
blood specimens are distributed through 
appropriately graded series of testing 
solutions. Thus when destructive cell 
rupture is taking place in a red cell 
the rate of 

hemoglobin or diminution in turbidity 
can be measured by optical methods. 
Differential will 


with units of 


suspension, liberation of 


be exhibited, 
ordinates and 
percentages of hemolysis as abscissas. 
It is probable that in normal blood the 
most fragile cells which rupture first 
are the older cells, with reticulocytes 
and younger cells the last to go. 

Jacobs and Parpart*®* have ascribed 
the osmotic variability in red cell popu- 
lations to probable chemico-structural 
differences in the membranes of differ- 
ent cells, either in resistance to stretch- 
ing or in becoming permeable to hemo- 
globin when stretched. They comment 
that the quantity of cells in a popula- 
tion being tested is so numerous that 
successive samples from the same lot 
of blood prove almost identical. The 
osmotic variations are practically con- 
tinuous almost in- 
finite number of degrees of hemolytic 
resistance. The variability of the cells 
instead of being a source of error be- 
comes an advantage, by rendering it 
possible to compare with a high degree 
of accuracy the osmotic properties of 
solutions whose differ 
but slightly. 

Many experiments on the osmotic 


Curves 


time as 


and represent an 


concentrations 
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behavior properties of red cell popula- 
tions have been carried out by Jacobs 
With 
penetration by water alone, the noted 


changes are an exact 


and his associates. 


measure of the 
amount which has entered or left the 
cell. With solutions of dissolved sub- 
stances conditions are somewhat more 
complex. When a dissolved substance 
enters a cell in osmotic equilibrium 
with its surroundings an osmotically 
water accom- 


If the cell 


dos Ss not Oppose the re sulting tendency 


equivalent amount of 


panies the entering solute. 


to swell by means of a resistant mem- 


brane or otherwise, and if water pene- 


trates as rapidly as the dissolved sub- 


stance so that osmotic equilibrium is 
at all times maintained, then the in- 
CTCas¢ Ol volume hay be used aS an 
iccurate measure ot the amount of sub- 


stance which has penetrated. 
Unfortunately, it is not practicable 


to observe with accuracy the volume 
of individual red cells. The hemato- 
crit technique which measures the ag- 


sregate volume of a very large numbet 
of cells tightly packed together has cer- 
iin disadvantages, the most important 
time required for accurate 
determinations. The hemato- 
technique can be employed only 
with substances which penetrate slow- 
favors the 
which measures the 
decrease in turbidity in the red cell sus- 
pension as the cellular integrity is de- 
stroved 


being the 
volume 


crit 


ly. For this reason Jacobs’ 


indirect method. 


This approach assumes that 
when the red cell swells to a certain 
fairly 
escapes—if not wholly at least to the 


definite volume its hemoglobin 


extent that the cell becomes invisible 
in its hemoglobin-containing surround- 
ings. One great advantage of the 
hemolysis method over the hematocrit 
method is that it is adaptable to experi- 
ments of only a few seconds total dura- 
tion 

The hemolysis depends 
upon the rate of entrance of the dis- 
solved substance, the rate of entrance 
of water, and the rates of escape of 


speed ot 
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the hemoglobin, the salts, and the other 
osmotically active substances. It is not 
solely a measure of the rate of penetra- 
tion of the dissolved substance, though 
in controlled circumstances it may be. 
One source of error may be the non- 
osmotic effect of the penetrating sub- 
stance. In addition, osmotic hemolysis 
is tavored by lower temperatures and 
inhibited by higher temperatures, and 
is extremeiy susceptible to changes in 
the environmental pH. Alterations in 
oxygen tension can give rise to second- 
All these environ- 
must be caretuily con- 
conclusions are to be 


ary osmotic effects. 
mental tactors 
valid 
drawn from fragility experiments. 

Guest and Wing!’ describe hemato- 
crit measurements in parallel of the 
swelling and hemolysis of red cells 
suspended in hypotonic salt solutions. 
The subjects were 3 normal newborns, 
5 normal infants and children and 7 
adults. They concluded that their data 
supported the thesis of Ponder and 
others that within certain 
limits behave as perfect osmometers. 
There was between 
values for “expected osmometric swell- 
ing, and for the cell volumes deter- 
mined at each tonicity. The thesis of 
Haden’® and others that the maximum 
swelling of red cells is limited by an 
inelastic surface membrane was sup- 
ported also by the agreement 
found between values for the expected 
maximum swelling calculated from the 
mean surface area of the cells and the 
maximum cell volumes actually deter- 
mined. 

These authors 


trolled il 


red cells 


close agreement 


ck se 


suggest as possibly 
fallacious that 10% hemolysis as meas- 
ured by the amount of hemoglobin in 
the supernatant fluid represents the 
rupture of the identical percentage of 
cells in the sample; this amount of 
hemoglobin would not represent the 
same proportion of cells if derived all 
from small cells or all from big cells 
It is conceivable also that some more 
resistant cells may lose part of their 
contents without full rupture. Further- 
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more, if salts escape from some cells 
than this 
would lead to less swelling if occurring 
before the peak, or to shrinkage 
the cells are swollen to the maximum 

The theo- 
retically and the most difficult one to 
control practically is the pH of the 
medium. Jacobs and Parpart 
that more errors have been caused in 


more easily from others. 


when 


most important factor 


state 


osmotic hemolysis studies by neglect 
When 
blood 
is used with an unbuffered salt solution 
the resulting pH will be determined 
chiefly by that of the blood. This in 
turn will vary greatly according to the 
of CO. which 
lowed to escape. 


of this factor than of any other. 


a relatively large quantity of 


amount has been al- 
If very small quanti- 
ties of blood are employed the situa- 
The final pH will be 
strongly influenced by that of the solu- 
tions Adsorption of CO, from 


the laboratory air in the absence of 


tion is no better. 
used 


buffer may be expected to vary con- 
siderably \ breath from the experi- 
menter at the wrong time may com- 
pletely ruin an experiment. 

the 
minute traces of silver often present in 


Reference must be made to 
so-called chemically pure sodium chlo- 
ride.| These traces come from the use 
of silver-lined vessels in the purification 
process. Since silver is hemolytic, spe- 
cially prepared silver-free sodium chlo- 


ride should be used in the preparation 


of saline solutions for hematologic 
work. (Silver-free sodium chloride can 
be obtained from Merck and Com- 


pany.) 

Apparently insignificant changes in 
environmental factors such as pH and 
temperature produce osmotic effects 
within the red cell of a magnitude suffi- 
ciently great to make it impossible to 
secure reproducible results by a method 
as sensitive as that of hemolysis. “If 
it be true, as appears to be the case, 
that pH changes of 0.01 pH unit and 
temperature changes of 0.5 C. can pro- 


duce measurable osmotic effects. what 
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is to be said of the numerous papers 
which have been published upon the 
“fragility” of 


almost all 


the erythrocytes unde 
and 
pathological conditions, in which in the 


conceivable normal] 
whatever 
concerning these factors an uncertainty 
of as much as 2.0 pH units and 10 C. 
or more 


absence of any information 


in which, in 
addition, there is frequently no assur- 


may exist and 
ance that the experiments have been 


sufficiently long continued to secure 


The 


throcyte being what it is, attempts to 


approximate equilibrium? ery- 
use it for comparative osmotic studies 
without controlling especially the fac- 
tors pH and temperature and to a lesser 
extent oxygen tension, are scientifically 
in the same category with attempts to 
without 
curate regulation of temperature and 


study volumes of gases ac- 


pressure’ (Jacobs Parpart).°°* 
To obtain reproducible results in os- 
motic resistance studies, one must use 


bl od well 


shaken into buffered solutions of known 


very small quantities of 
pH at a constant temperature. 

Creed! has published confirming ex- 
He found cells of 
blood to be more fragile than those of 
capillary blood, that this 
difference in fragility could be abol- 


periments. venous 


and noted 
ished by exposing the blood to a cur- 


rent of air before adding hypotonic 


saline. The longer the tourniquet was 
applied and the greater the cyanosis 
the fragile the For 
consistent the must 
be thorough, as by blowing a strong 


more red cells. 


results aeration 
current of air over it for 4 minutes. In 
addition with saline fragility tests the 
ratio of blood to saline must be kept 
constant, to avoid discrepancies from 
the varying quantities of plasma intro- 
duced. The increased proportion of 
plasma in a drop of anemic blood makes 
One 


drop to every 25 drops of saline gives 


its corpuscles appear less fragile. 


sufficient color for matching purpose, 
even with anemic blood. 
Creed advised that 


whole blood 
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rather than washed corpuscles be used 
in fragility studies in order to retain 
the buffering effect of the plasma. 
If washed corpuscles are used slight 
alterations in pH of the hypotonic saline 
will produce gross alterations in fragil- 
ity of the washed cells. He noted also 
that hemolysis by hypotonic saline was 
rapid, and practically complete within 
5 minutes. No further hemolysis. oc- 
curred for some hours. It was imma- 
terial the tubes were cen- 
trifuged after 20 minutes or 6 hours: 
but the centrifugation and pipetting oft 
of superantant fluid and washing of 
deposit with saline should be com- 
pleted the same day, as further hemoly- 
sis may occur on standing overnight, 
even in a refrigerator. 

Dacie and Vaughan*® likewise have 
described parallel studies with conclu- 
sions essentially similar to those of 
Creed They utilized 
the ratio of mean corpuscular thickness 
to median corpuscular fragility (which 
is a measure of how far a red cell di- 
verges from the spherical form) as the 
expression of cell size most likely to be 
linked with red cell fragility. Increase 
in this ratio is usually though not nec- 


whether 


ind Jacobs'** 


essarily associated with an increase in 
fragility. The authors emphasize that 
when the temperature of a hypotonic 
solution is lowered hemolysis is pro- 
They attribute 
this to a loss of osmotically active sub- 


moted, and vice versa. 


stances and associated water with rise 
in temperature, resulting in the cell be- 
Cells suspended in a 
warmer medium being smaller are able 
to take in more water before rupturing 
and hence appear more resistant. An 
alteration of 2° C. in the temperature 
of the saline solution used for hemoly- 
sis was equivalent to about an 0.002% 
alteration in saline concentration. They 
noted also that alterations in fragility 
produced by variations in O, and CO 
content of blood were most marked in 
association with anemia. The 
anemic the blood the less fragile the 


coming smaller. 


more 
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cells appeared. At least 2 factors may 
explain this alteration in fragility: va- 
riation in the amount of added plasma, 
and oxygenation. When a drop of 
blood is added to 1 ce. of saline solu- 
tion the effective salt concentration is 
raised because a certain amount of 
plasma of ionic concentration 150-166 
meq. per liter (about 0.90% NaCl) is 
added. The more the plasma contained 
in any drop (as in “anemic” blood) the 
greater is the osmotically equivalent 
sodium chloride concentration of that 
drop and the higher the resulting salt 
concentration of the plasma-saline he- 
molytic mixture. The effect of the 
added plasma can be demonstrated by 
performing several fragility estimations 
on the same specimen of blood, em- 
ploying different quantities in each 
case. Increasing the amounts of blood 
added to equal volumes of saline in- 
As 
for the oxygen-carbon dioxide relation- 
ships, the escape of carbon dioxide re- 
sults in a profound alteration in the 
plasma pH if CO, is permitted to es- 
cape at the same time. The loss of CO, 
is associated with an ionic shift which 
results in an osmotic loss of water. This 
loss of water and anions reduces the 
mean corpuscular volume, which _ be- 
comes reflected as an increased resist- 
ance to hypotonic hemolysis. 

Chemical differences at present un- 
recognized in different types of anemic 
red cells may also be responsible for 
differences in response to hemolytic so- 
lutions. The importance of chemical 
constitution is emphasized by the fact 
that in familial acholuric jaundice fol- 
lowing splenectomy red cell fragility 
may remain increased whereas thick- 
ness returns to normal. Observed red 
cell fragility is decreased in anemia, 
apart from any fundamental variation 
in cell size and shape. In performing 
fragility estimations it is essential to 
consider the degree of anemia which 
may be present. 

All workers in the field are aware 


creases the resistance to hemolysis. 


that the current method of reporting 
hypotonic fragility as commencing at 
one dilution and being complete at an- 
other is far from satisfactory (Creed,* 
Dacie. The points at which fragility 
is adjudged to start and finish depend 
on the care with which traces of hemo- 
lysis, or of incompleteness, are sought 
for. Furthermore, within these limits 
the curves which represent the extent 
of hemolysis in the successively dimin- 
ishing strengths of saline are not neces- 
sarily equal or even similar. with re- 
spect to different individuals, whethe1 
sick or well 

In congenital hemolytic jaundice 
agreement is general that the red cel!s 
have a spherical shape, with mean cell 
diameter decreased, volume thickness 
index increased, and mean corpuscu- 
lar volume variable. In simple micro- 
cytic anemia the index is normal; in 
obstructive jaundice the index is de 
creased since the mean diameter is 
usually increased without a correspond 
ing rise in mean corpuscular volume. 

Though microspherocytosis and_ in 
creased fragility are the most constant 
features in congenital hemolytic jaun 
dice, no one has proved a direct rela- 
tionship between these two phenomena. 
Haden’ believes that the increased fra- 
gility is related to and dependent on 
the spherocytosis. There is a close re- 
lationship between the point of initial 
hemolysis and the volume-thickness in- 
dex. In the severe case of congenital 
hemolytic jaundice with a high vol 
ume-thickness index and a marked ten- 
dency to a globular form, very little di- 
lution is possible before hemolysis be- 
gins. The cells in this disease may be 
regarded as nearer the hemolysis point 
by reason of their shape. 

In patients with congenital hemolytic 
jaundice, Dameshek and Schwartz**" 
studied the fragility in relation to red 
cell count, red cell size, and reticulo- 
cyte percentage. They too noted a 
striking correlation between spherocy- 
tosis and increasing fragility in hypo- 
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tonic salt solution. The red cells were 
unusually susceptible to hemolysis 
when the average diameter was re- 
duced and the average thickness in- 
creased. With increasing cell diameter 
and diminishing cell thickness the cells’ 
resistance to hemolysis became more 
marked. When there was a “pseudo- 
macrocytic’ blood picture with reticu 
locytes as the outstanding cells, the red 
cells were actually more resistant than 
normal. This spherocytosis is believed 
by Dameshek and Schwartz to indicate 
the presence of some hemolytic agent; 
the shape is more than an anatomic 
peculiarity. 

Dameshek and Schwartz* studied 
the mechanism of hemolysis in three 
successive cases of acute non-familial 
hemolytic anemia associated with ac- 
tive serum isohemolvsins in the circula 
tion capable of hemolyzing red cells of 
their own type and of Group O. They 
also investigated the effects in guinea 
pigs of hemolytic serum prepared by 
injection of guinea pig red cells into 
rabbits In both situations an out- 
standing feature was the development 
during the hemolytic phase of a large 
number of small thick red blood cells 
(spherocytes), possessing a greatly in- 
creased volume thickness index and 
increased fragility In the experimen 
tal hemolytic syndromes the number of 
spherocytes varied directly with dos- 
age of he molytic serum: i. e., the larger 
the dosage, the greater the number of 
spherocytes. The nucleated red cells 
of the peripheral blood were always 
normal in size and nucleated micro- 
cytes were never en ountered. Normal 
also were the red cell diameters of the 
most mature nucleated red cells in the 
bone marrow of animals dving with 
almost total microspherocytosis of the 
peripheral blood. 

Dameshek and Schwartz conclude 
that: (a) spherocytes are formed out- 
side of the bone marrow; (b) sphero- 
cytosis develops only in mature red 
cells; (c) a hemolytic agent such as is 
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present in hemolytic sera is responsible 
for their development. Doubt is cast 
on the idea that spherocytosis is 
pathognomonic for congenital hemoly- 
tic jaundice and indicative of an in- 
herited bone defect. It is 
suggested that the extreme spherocy- 


Marrow 


tosis during crises in this disease may 
be due to the sudden liberation of large 
amounts of hemolysin with resultant 
upon the mature red _ cells. 
Bessis* has described somewhat parallel 


action 


observations in rats given injections of 
anti-rat red cell serum prepared by 
immunizing rabbits against rat red cells. 

Findlay'' surveyed the _ literature 
dealing with the resistance of the red 
cell in infancy and childhood to hypo- 
tonic solutions of saline and uncovered 
a great divergence of opinion. Some 
authors believe that the resistance of 
the red cell to hypotonic saline in the 
fetus and newborn child is diminished 
with what 
some believe 


in Comparison obtains in 
adult life: 
difference in this respect; others hold 
that the 
increases during the first few days of 
life to reach a maximum about the 
fourth day, and then gradually returns 
to the adult level. Findlay points out 
that hardly any 2 workers have em- 
ployed the same method and _ prac- 
tically all have failed to take into ac- 
count factors which are now generally 
admitted to have a critical influence 
on osmotic resistance. Using Creed’s 
technique in which CO, concentration 
and the relative amounts of cells and 
plasma are brought to a uniform level, 
Findlay found the resistance of fetal 
blood to be slightly diminished and 
that of the infant and child to be 
slightly increased. 

This survey of recent contributions 
on the structure and osmotic behavior 
of red cells leads to at least one major 
conclusion. The osmotic resistance test 
as a diagnostic aid will give maximum 
information only when the theory and 
mechanisms are well understood by the 


there is no 


resistance is normal at birth. 
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user, and then only if the many tech- 
nical variables which can give rise to 
false positive readings have been kept 
under rigid control. 


Embryogenesis. A survey of red cell 
development in the human fetus has 
been assembled by Windle.’ Forma- 
tion of red cells begins in the wall of 
the embryonic yolk sac shortly after 
formation of the germ layers, and con- 
tinues there until the second month. 
Blood formation begins to shift to the 
body mesenchyme and blood vessels 
at about the fifth week. In the follow- 
ing week, the liver starts to produce 
red blood cells; it soon becomes the 
most active erythropoietic organ and 
until midfetal life. Ery- 
thropoiesis is initiated in the spleen at 
the end of the second month, and in 
the during the third 
month. activities of the various 
foci of 
erythropoiesis are transient. Forma- 
tion of blood elements outside of the 


remains so 


bone 
The 


marrow 


organs overlap and most 


bone marrow ordinarily stops at birth. 

Most investigators hold that the vari- 
ous blood elements arise from a com- 
mon ancestor, a generalized mother 
cell, often called a hematocytoblast or 
hemoblast. This is a large ameboid 
element resembling a large lymphocyte. 
Differentiation of the red cells pro- 
ceeds through proerythroblasts, ery- 
throblasts, normoblasts and_reticulo- 
cytes. Proerythroblasts show the first 
traces of hemoglobin in their cyto- 
plasm, and are the only “red” cells to 
develop in the first 6 weeks; after the 
third month they are confined to the 
hematopoietic centers. Erythroplastids 
or true red cells arise from normoblasts 
by fragmentation and extrusion of their 
nuclei. They make their appearance 
as spherical forms in the liver at about 
2 months and become the predominant 
hemoglobin-containing element of the 
blood during the third month of feta! 
life. 

At 3 months approximately 90% of 
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the red cells are reticulocytes. The 


proportion of reticulocytes diminishes 
rapidly to from 15 to 30% at 6 months 
and to only 4 to 6% at birth. About 
0.1% normoblasts are found at birth; 
other types of nucleated cells are not 
normally present. 

The number of red cells in the ci 
culating blood increases from less than 
100,000 per c. 


proximately 


mm. at 5 weeks to ap- 


3.5 million per c. mm. at 
The amount of hemoglobin 
is 10 gm. per 100 c.c. of blood in the 
fourth month of fetal life. 
gradually to the birth level. 

Fetal red cells are larger than those 
of the infant after birth, and exhibit 
wide variations in size. 


6 months 


increasing 


The average 
diameter of corpuscles at 3 months 
gestation has been reported to be 9.2 
micra and at 6 months 8.1 micra in the 
dry state (smears). As the increase in 
the number of red cells during devel- 
opment of the 
than 


fetus is much more 
the de- 


crease in corpuscular size, hematocrit 


prominent progressive 
values rise as gestation proceeds toward 
term. 

The full-term fetus does not possess 
a polycythemia ascribable to the com- 
parative lack of oxygenation of its cir- 
culating blood. At the end of pre- 
natal life there are actually fewer red 
cells per unit volume of blood than in 
the adult. Fetal hemoglobin values at 
term are in excess of those encountered 
in the normal adult, associated with 
the larger size of red cells in the fetus 
than in the adult. Special anatomic 
and mechanical mechanisms enable the 
fetus to obtain oxygen with greater 
avidity in a placental environment of 
relatively low oxygen tension and with- 
out the necessity for developing an 
excessive number of red corpuscles. It 
seems probable that the stimulus to 
blood cell development in uterine life 
comes from intrinsic, perhaps _hor- 
monal, growth factors, rather than in 
response to oxygen unsaturation. 

Gilmour’s’’ detailed histologic exam- 
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ination of normal hemopoiesis in intra- 


uterine and neonatal lite is in accord 
with Windle’s general picture. 

During the differentiation of the ery- 
throblasts the nuclei show all gradua- 
tions of diminution in size, condensa- 
tion of and con- 
traction in size and number of nucleoli 
that of the hemocytoblast, till 
eventually the nucleus becomes 
shrunken and pyknotic. The pyknotic 
nucleus is then extruded and the cell be- 


comes a mature red cell. 


chromatin structure. 


trom 


During early 
development, erythroblasts multiply by 
mitotic division. In late development 
they probably do not multiply and 
those with pyknotic nuclei certainly do 
not. 


The stage of development of the 
erythroblast at which visible hemo- 
globin appears varies, giving rise to 
the recognition of 2 routes of red cell 
formation. In one type hemoglo- 


bination is late and begins in small ery- 
throblasts with 
pyknotic nuclei. 


pyknotic or almost 


This 


moblastic erythropoiesis. 


is termed nor- 
In the other 
tvpe, hemoglobination occurs in larger 
erythroblasts with larger nuclei having 
still a well-preserved nuclear structure. 
This is termed megaloblastic erythro- 
poiesis. In early embryonic life normal 
erythropoiesis is entirely megaloblastic. 
In fetal life it is increasingly normo- 
blastic and decreasingly megoblastic. 
\fter the first 2 or 3 weeks of post- 
fetal life normal erythropoiesis is en- 
tirely normoblastic. 

In the series of early human embryos 
dscribed by Gilmour" the erythroblasts 
were first detectable in a presomite 
embryo (2.5 mm. the blood 


These were 


within 
islands of the yolk sac. 

megaloblasts derived directly from 
hemocytoblasts. With the establish- 
ment of the circulation the premature 
erythroblasts entered the embryonic 
vessels and continued to multiply there. 
With increasing age the number of 
early and intermediate premature ery- 
throblasts decreased and the late and 
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pyknotic late forms and megalocytes 
increased, accompanied by diminished 
multiplication. Mitotic division of prim- 
itive erythroblasts had ceased in the 
39 mm. embryo. In the 48 mm. em- 
bryo these cells were all in a late o1 
pyknotic 


late stage. In older embrvos 


no primitive erythroblasis were recog- 


nizable in the blood but primitive 
rq] 

megalocytes undoubtedly _ persisted 

longel in mbroyos of 3 to 35 mm., 


multiplication and 


development of 
erythroblasts continued in 


connective tissues. the 


primitive 

piace S INany 

original cells having reached the tissue 


by hemorrhage. In the 35 mm. em- 
bryo most of these cells had developed 
into megalocytes and the erythroblasts 
all late 


first in the 10 mm. embryo in the yolk 


were Erythropoiesis appeared 
sac vessels as groups of primary ery- 
throblasts and megaloblasts. Hemo- 
had appeared among the 
hepatic and yolk sac epithelial cells in 
the 10 mm. embryo but extravascular 
definitive erythropoiesis did not begin 
until the 


volk Saf 


cytoblasts 


12 mm. embryo and, in the 
till the 15.5 mm. embryo. In 


the liver it increased in amount and 

reached a maximum relative to paren- 

| oR r 

chyma in the 26 mm. embrvo. The 


maximum pe rsisted until in fetuses of 
200 to 


rer CTC ast 


(57 mm. there was a progressive 
to a slight amount which re- 
{70 mm. 


In infants 5 or more days 


mained constant in fetuses of 
and more. 
old such erythropoiesis was absent. In 
the spleen erythropoiesis in the pulp 
and to a lesser degree in the sinuses 
began in the 70 mm. embryo and dis- 
appeared in infants over 5 days old. 
In the connective tissue of the marrow 
erythropoiesis first began in the clav- 
icle in the 57 mm. embryo and sub- 
increased considerably in 
the blood megaloblasts 
were present in small numbers in the 


sequently 
amount. In 


28 and 35 mm. embryos and were al- 
numerous as the primitive 
erythroblast in the 45 mm. embryos. 
In fetuses of 76 to 146 mm. there was 


most as 
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exceptional erythropoietic activity in 
the blood. After the 15th day of life 
erythropoeisis confined to the 
marrow. 

Normal Values and Variations in In- 
fancy and Childhood. A number of 
careful studies are on record describing 
red cell counts in early infancy. The 
The figures vary 
normal 


Was 


variations are great. 
from those 
adults to average values as high as 6.5 
million red corpuscles per c. mm. Indi- 


encountered in 


vidual counts greater than 7 million 
are not uncommon. Windle’ com- 
ments that these differences are too 


great to be accounted for as the basis 
of normal race or individual variations, 
and believes that they depend on dif- 
ferences in the sites and methods of col- 
lecting. Authors seldom state whether 
the blood was drawn from infants al- 
lowed to retain their placental blood 
or from those deprived of it by imme- 
diate clamping of the umbilical cord 
at birth, and seldom give the time in- 
terval elapsing since the moment of 
birth. 

The number of red cells in a cubic 
millimeter of umbilical blood at the 
end of gestation, according to Windle, 
is lower than 1 hour after birth. The 
average differences amounted to 1 mil- 
lion red cells in 25 infants whose cords 
were clamped immediately at birth, 
and to than 1.5 million in 25 
whose cords were not clamped until 
placental blood had passed into the 
infants at birth. Corresponding hemo- 
globin differences were encountered (3 
gm. in immediate clamping and 6 gm. 
in the delay group). It is doubtful that 
this sudden increase is due to a differ- 
ence between capillary and venous 
blood, since blood obtained from the 
superior sagittal sinus (or jugular vein) 
and from the heel capillaries in 6 nor- 
mal infants showed no significant dif- 
ference with respect to the number of 
red corpuscles. Postnatal dehydration 
seems an unlikely explanation because 
the increase may take place in less than 


more 
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half a 

splenic contraction, with expulsion of 

stored red cells into circulation. 
Similarly, Findlay"! studied 11 new 


borns otf varying degrees of maturity 
in whom the 


i hour. 


\ possible cause is 


hemoglobin and red cell 


concentrations increased after birth. 
The increase within the first few hours 
of lite in both hemoglobin and red 


cells varied from 13 to 70% 


he 


_ and in the 
readings from 10 to 75‘ 

Thus 
for more oxygen carriers rather than 
for fewer during the critical neonatal 
periods Findlay that thi 
phenomenon represents an increase in 
concentration of the blood. though the 
increase in 


believes 


much 
than what could occur from a 
dehydration taking place after birth. 


e Ot 


concentration is 
Preatel 


| pound (which would be 
an abnormally high figure and in any 
case would be spread over 2 or 3 days 
should effect a change in hemoconcen 
tration of only 12%, whereas the in 
crease actually observed the 
first great as 
70%. 

De Marsh, Alt, and Windle® clamped 
the umbilical cords aS SOON as possible 
after normal delivery without anes- 
thesia in one series of 25 healthy new- 


during 
hours of life may be as 


born infants; the elapsed time was 30 
seconds or less. In another 25 infants 
the cords were not clamped until the 
placentas had separated the 
which usually occurred about 
10 minutes after delivery. The addi- 
tional amount of blood received by the 
baby from the placental vessels was 
measured in 10 instances and found to 
average 62 cc. 
cord 


uterus 


The average values for 
blood were 4.5 million red cells 


per c. mm. and 15.7 gm. of hemoglobin 
per 100 cc. These were approximately 
the same whether the cord was 


clamped early or late. Within 20 to 
75 minutes after birth the values in 
blood from the heel were much higher. 
as already Thenceforth 
those whose cords were 
clamped immediately had significantly 


described. 
intants 
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it would seem that there is a call’ 


SCLENCE 


lower red counts and hemoglobin val- 
ues than 
clamped late. 


those whose cords were 
During the first week. 
the former group averaged 5.45 million 
and 19.5 
100 ec., whereas the 
latter group averaged 6.01 million red 


cells and 22.1 gm. of hemoglobin. 


red cells per c. mm. gm. of 


hemoglobin pet 


Most observers have reported the 
reticulocyte count at 
about 4 to 6°%, decreasing rapidly to 
than 1% at the end of the 
week, De Marsh, Alt Windle 


compared reticuloc values in 6 in 


birth to average 
less first 
and 
fants whose cords were clamped im 
cords were 
When the 


mediately and in 6 whose 


clamped after delay cord 
tied immediatel reticulocytes 
an average peak of 8.6% at 
24 hours and did not fall below 6% 
until the fifth day. When tying of the 
cord was delayed, reticulocytes aver- 
5.8% at their peak in 24 
hours and fell to 4 in 48 hours. A 
more active blood formation when the 
cord is clamped early than when it is 
clamped late is suggested by the highe1 
and more sustained rise in reticulocytes 


reached 


aged only 


in the former group 
Deprivation of the infant 


of its placental blood may contribute to 


newborn 


iron deficiency in infancy. The princi- 
pal iron reserve of the newborn infant 
the hemoglobin 
Iron liberated during neonatal blood 
destruction is stored in the 
utilized as 


formation. 


lies in circulating 


tissues and 
needed for hemoglobin 
The amount of iron lost 
to the newborn infant when 100 cc. of 
placental blood is prevented 
reaching the child is 54 mg. 


from 
This is 
enough iron to lower the hemoglobin 
in a 4 month old infant from 12 to 9.5 
gm. per 100 cc. of blood. I* seems 
likely, therefore, that loss of placent ul 
blood in predis- 
posing infants to anemia during the 
nursing period. 

Findlay" criticizes the usual assump- 
tion that immediately after birth a 
hemolytic destruction of blood takes 
place to correct for the greater amount 


may be important 
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of oxygen provided by external respira- 
tion, with resulting jaundice. Findlay 
argues that expansion of the lung is 
not a sudden event with rapid avail- 
ability of the surface, but 
occurs gradually over several weeks. 
Furthermore, following birth the child 
is deprived of the extra-medullary 
hemopoietic tissue on which it was 
chiefly dependent during fetal life. 
The newborn infant has need to con- 
serve its red cells, at least until respira- 
tion is fully established and medullary 
hemopoiesis is well under way. 

Since the drop in hemoglobin and 
red cell levels is more marked during 
the second than during the first week 
of life, it is unlikely that this drop plays 
the chief role in the production of 
icterus neonatorum which usually sets 
in on the second or third day of life. 
The fact that there is little or no dif- 
ference between the rates of fall in 
icteric and non-icteric infants renders 
such an association still less likely. In 
fact, studies on the blood of 20 new- 
born infants revealed a slightly greater 
fall in the total amounts of hemoglobin 
and those infants who 
failed to exhibit jaundice. 

Findlay found that one of the most 
marked alterations in the change-over 


alveolar 


red cells in 


from fetal to natal life was the diminu- 
tion in size of the red cell andits con- 
Immediately after 
birth there occurs a marked diminution 
in both mean corpuscular volume and 
mean corpuscular hemoglobin content, 
but no alteration in the mean corpus- 
cular hemoglobin concentration. 
Parsons”®> has compared the Price- 
Jones curves of premature and full term 
children. These are similar during the 
first weeks of life. and show a 
megalocytic type of curve with a 
greater degree of anisocytosis than oc- 
curs in older children or adults. In the 
second week of life the curves show 
little change except that the mean dia- 
meter of the red cells increases a little. 
During the third and following weeks. 
the curves of premature and full term 


tent of hemoglobin. 


few 
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children separate, the mean diameter 
of the red cells decreasing in the pre- 
mature children, and anisocytosis being 
more marked. Tie mean diameter of 
the red cells in premature children 
reaches its smallest figure at the age of 
S weeks. After the tenth week, a slow 
increase in the mean diameter occurs 
and anisocytosis slowly becomes less. 
In full term children the mean diameter 
of the red cells decreases in the fifth 
week and remains about constant from 
the sixth week onwards and anisocyto- 
sis becomes definitely less. Thereafter 
the curve approaches more and more 
the adult type. At about the eight- 
eenth to twentieth week the Price- 
Jones curves of premature and full 
term children become identical again. 

Guest, Brown and Wing" have pre- 
sented data on the number, size and 
hemoglobin content of the red cells in 
615 infants and children ranging in age 
from birth to 5%4 Of interest 
are their observations on mean red cell 
size. In 34 samples of blood from the 
umbilical cord the mean red cell size 
was 113 cubic microns. This fell im- 
mediately after birth. At 8 months 
the average value was 73 cubic microns 
and about 72 cubic microns in the first 
half of the second year. At about the 
age of 8 months, values below 70 cubic 
microns began to appear with increas- 
ing frequency. At 9 months the tend- 
ency toward lower values was more 
pronounced. Microcytosis continued 
frequently through the second year. 
After the second year the scatter in the 
values for red cell size diminished 
rapidly. Average values at 3 and 4% 
vears were 78 and 80 cubic microns 
respectively. 

As another example of recent studies 
of normal blood in infancy and child- 
hood, one may cite the data of Gil- 
mour.’?. The quantity of hemoglobin, 
the number of red blood cells, and the 
volume of packed cells were deter- 
mined in 533 children ranging in age 
from birth to 13 years. Differences 
between boys and girls were not signifi- 


years. 
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cant. The highest mean hemoglobin 
value 17.14 0.16 gm. was found in the 


blood of the cord. The lowest 


mean 
value, 11.14+ 0.15 gm. occurred be- 
tween the ages of 2 and 4 months. 


and 8 
months showed an increase to a mean 
of 12.29+0.12 gm. Lower values were 
again found in the period between the 
eighth and eighteenth month, with the 
low mean of 11.73+0.11 gm. occurring 
between the twelfth and eighteenth 
From the age of 18 months 
there was a gradual increase to the 
mean of 14.49 + 0.09 gm. at 12 years, 
which is the approximate mean value 


Infants between the ages of 


months. 


for normal adults. 

1558 0.04 million 
mm. in the blood of the cord the 
red cell count fell to a low mean of 
3.9+0.06 between the ages of 2 and 
t months. 


From a mean of 


pel Cc. 


There was a fairly steady 
increase from this age period up to 
the age of 12 years when the mean is 
1.66 + 0.02 million. 

The mean value of packed cells of 
cord blood was 53.18+-0.5 cc. per 100 
ce. of blood. The low mean of 34.18 
0.4 cc. appeared in the period between 
2 and 4 months. The mean was slightly 
higher between 4 and 8 months than 
in the period up to 18 months. After 
18 months the mean value showed a 
progressive rise to the mean of 43.15 
0.19 cc. at 12 years. 

\s in other studies the large size of 
the red cells at birth and in the first 
days of life was noted. In corpuscular 
volumes the highest mean of 180.9 + 
0.55 cubic microns appeared in the 
blood of the cord. The large size per- 
sisted through the first few days of life. 
Toward the end of the second month 
the cells were considerably smaller. 
The decrease in corpuscular volume 
continued to the low mean of 85.3 + 
0.38 cubic microns between the ages of 
12 and 18 months. An increase in 
volume began after the 18th month 
and the mean for adults was approxi- 
mated in the third year. 
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Washburn** has paid particular at- 
tention to the postnatal adjustments, 
studying 15 healthy infants during the 
first 10 to 18 weeks of life. As the 
total body mass increases rapidly—up 
to as much as 50% in 6 weeks or 100% 
in 14 weeks—a proportional increase in 
total blood volume presumably also 
occurs. To maintain the number of 
red cells per unit volume of blood at 
constant level the infant would have to 
manufacture 
faster than ordinarily 


new cells considerably 
needed. Most 
infants show an abrupt drop in their 
reticulocyte count to from 0.2 to 0.8% 
postnatally. If the normal mainten- 
ance of the red cell level is reflected 
by the presence of about 0.8 to 1.2% 
reticulocytes, then most infants are not 
manufacturing new cells fast enough to 
maintain a level of red cells 
even if there were no 


constant 
great increase 
in blood volume. As long as the body 
weight continues to rise and the reti- 
culocyte percentage to remain low, the 
red cell count, the volume of packed 
cells and the amount of hemoglobin 
must necessarily decrease. The more 
rapid the increase in total body mass. 
the more rapid the the 
number of cells per cubic millimeter 
of blood. Eventually the decreasing 
concentration of red cells and hemo- 
globin leads to stimulation of the hemo- 
poietic tissue, most simply conceived 
of as resulting from lack of oxygen. 
The decrease in the red cell count and 
level of hemoglobin evokes a rise in 
reticulocytes at the 5th to 8th week. 
The sharpness and persistence of the 
rise varies roughly with the rapidity 
of weight gain and the speed of de- 
red cell count. When the 
number of red cells per cubic milli- 
meter of blood has reached an optimum 
level for the body economy, the reti- 
culocytes return to an approximate 
level of about 1%, the 
exact level depending upon the indi- 
vidual baby and even varying from 
time to time in the same infant. 


decrease in 


crease in 


maintenance 
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“Rooming-in” is a term applied to a 
maternity hospital plan which permits 
newly born infants and their mothers 
to room together during the lying-in 
period. Such a natural arrangement 
is, Of course, inherent in domiciliary 
obstetrics. Its features have tradition- 
ally been preserved in the planning and 
practices of maternity _ institutions 
abroad. In maternity hospitals in this 
country, on the other hand, the pre- 
vailing practice has been to segregate 
the new common nurseries, 
from which they are taken to their 
mothers only at feeding times. The 
possibility that this uniquely American 
practice, presumably designed for ef- 
ficient handling of infants by assembly- 
line methods, might be overlooking 
some age-old instincts of mothers who 
want their babies near them has been 
engaging the attention of pediatricians, 
obstetricians, and others. Several in- 
stitutions have recently begun to pro- 
vide rooming-in accommodations on 
either an experimental or established 
basis. These include the Cornelian 
Center in Detroit®, The Grace Powell 
Hospital (Yale University) in New 
Haven'’, the George Washington Uni- 
versity Hospital in Washington, D.C.,* 


born in 


the Department of Obstetrics at Jefter- 
son Hospital, Philadelphia™!, Perman- 
ente Hospital in Oakland, California”’, 
and a small hospital in Los Alamos, 
New Mexico’. The present review deals 
with some of the theoretical and clinical 
considerations appearing in the recent 
literature on this subject. 


Theoretical. The psychological 
needs of infants have been emphasized 
by Gesell®, Aldrich’, Frank‘ and others. 
The importance of having the newborn 
baby near its mother for purposes of 
comfort, warmth, and satisfaction has 
been recognized. Early establishment 
of continuous and intimate relation- 
ship between mother and infant is re- 
garded as important for the acquisition 
of mutual confidence and freedom from 
tension. Such confidence is too often 
lacking under present conditions, when 
mother and baby confront each other 
as virtual strangers on their return home 
from a maternity institution. 

Early establishment of a natural feed- 
ing pattern is also regarded as impor- 
tant for the infant. Such 
patterns have found to vary 
widely among individual babies. There 
is a growing tendency among pedia- 


newborn 
been 
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triclans to encourage the feeding or 
nursing of the newborn on the infant's 
own “demand,” rather than to impose 
a rigid feeding schedule. Proponents" 
of “selt-demand” feeding have found 
that when the plan is instituted early 
in the infant’s life, an individual and 
fairly regular feeding pattern or sched- 
ule is assumed by the infant within a 
period of 6 to 8 days. 

It is claimed that the rooming-in plan 
makes the satisfying of these desirable 
aims feasible 


Arrangement. Hospital Planning. 
Ihe physical arrangements necessary 
tor an institutional rooming-in plan may 
vary widely. Ideally, each mothe: 
should, as in domiciliary obstetrics, be 
quartered in her own room with her 
It is sate, 
to set up bedside bassinettes 


infant's bassinette near by. 
howeve! 
in fairly large lying-in wards, as ex- 
perience But small 
units, accommodating not more than 6 
preferred’. A prime re- 
quisite is adequate plumbing in the 
form of running water and, where pos- 
sible, toilet facilities, located within 
each unit for the exclusive use of its 


abroad has shown. 


mothers, are 


occupants. 

Organization of supplies for room- 
ing-in care may also vary widely. In 
general, it is indi- 
vidualize such material for each patient, 
arranging it in equipment placed by 
her own bedside. 


advantageous to 


Nursing Staff Organization. It has 
been found desirable to assign nurses 
to the combined care of small groups 
and their infants, rather 
than to divide their obstetric and pedi- 
For this, training 
and skill in both obstetric and pedi- 
atric nursing are obviously mandatory. 
It also goes without saying that mature 
understanding and sympathy are as im- 
portant for the successful nursing direc- 
tion of a rooming-in enterprise as they 


of mothers 


atric responsibilities. 


are for any nursing activity. 
Selection of Patients. At the present 


AND 
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time, the best candidates for rooming- 
in are obviously those women who, 
having made the acquaintance of the 
principles and aims of the method, 
desire it. By and large, this has been 
found to include a majority of women 
so informed. It has been suggested 
that the plan appeals most strongly to 
those women who have a natural ma- 
ternal desire to nurse their infants at 
the breast’. The patient’s and her 
family’s cooperation is required in as- 
senting to the strict limitation of visit- 
ing privileges deemed necessary for the 
safe operation of the plan in hospital 
practice. 


Visiting Privileges. Practice, both 
here and abroad has favored limita- 
tion of visitors to the husband exclu- 
sively. This limitation has been de- 
signed not only for the safety and 
comfort of the mother and infant, but 
also for the giving the 
husband an early acquaintance with 
his child, and enlisting his interest in 
participating in its care, 

Routine. The newborn infant may 
be placed in its bassinette at the 
mothers bedside directly upon its ar- 
rival from the delivery room, or follow- 
ing a preliminary period of observation 
elsewhere. 


purpose of 


The nurse assigned to the 
mother and her infant is responsible 
for daily or perioaic observations and 
attentions, these including such pro- 
cedures as weighing the baby, taking 
its temperature and dressing the cord. 
The nurse’s responsibility includes in- 
doctrinating the mother in all of these 
procedures, as well as instructing her 
in how to feed the infant and change 
its diapers. The carrying out of all 
routines is transferred to the mother 
as soon as possible. 

The initial and subsequent examina- 
tions of the infant by the pediatrician 
are carried out in the presence of and 
for the instruction of the mother. 

Self-demand feeding is permitted 
and encouraged. Under natural cir- 


ti2 PROGRESS OF MEDICAL SCIENCI 


cumstances the infant is put to breast 
early, and as often thereafter as it 
seems hungry. Where additional or 
artificial feedings are indicated, pre- 
pared formulas are brought to the 
mother to feed to her infant. 

Results. Institutions 
the rooming-in plan has been under 
trial report advantages for all con- 
cerned in the enterprise. 

For the infant, feeding and hygiene 
problems appear to have been more 
satisfactorily met under this plan than 
was possible in the same institution 
under previous plans. A higher inci- 
dence of breast feeding is said to have 


‘in which 


been encouraged, and a more satisfac- 
tory performance of this natural func- 
tion attained. The incidence of infec- 
tion, both dermal and enteric, has been 
reduced. 

For the mother, it is claimed that 
the plan provides both psychological’ 
and physical benefits. Her instinctive 
desire to be near her infant, and to 
care for it, is satisfied. She gains an 
early confidence in her ability to pro- 
vide such care. Her rest is undis- 
turbed by unnecessary visitors. De- 
spite the company of other mothers 
and their infants in the same unit, her 
surroundings are restful, because the 
infants, being well fed, are quiet.* 

For the hospital administration and 
its nursing staff, it has been observed 
that rooming-in simplifies the problem 


of attending mothers and their infants. 
Because the mothers are early entrusted 
with much of the care of their babies, 
demands upon the time and services 
of the nursing staff are reduced.’ 
Curtailment of visitor traffic similarly 
and further reduces demands upon 
nursing and administrative staffs. 

Comment. The reviewers venture 
the prediction that rooming-in will 
have a growing appeal for the prospec- 
tive mothers of this country. Those' 
who have re-discovered its virtues have 
drawn attention to the neglect of some 
very homely, but very important values 
in the conduct of our maternity iasti- 
tutions. It is to be expected that the 
subject, already introduced to the pub- 
lic by the lay press, will be further 
popularized. The resultant demands 
upon our maternity hospitals may then 
be widespread, inasmuch as over three- 
fourths of the births in this country 
now occur in such hospitals.‘ More- 
over, the demands may entail structural 
alterations in many hospitals. These 
cannot be evaded by recommending 
a return to domiciliary obstetrics, inas- 
much as the present preference for in- 
stitutional obstetric services has, in 
itself, been mainly the result of eco- 
nomic pressures. Rooming-in, there- 
fore, is a subject which is likely to re- 
quire more serious attention than its 
simple and homely connotations would 
suggest. 
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The Effect of Adrenalectomy on the 
Blood Pressure of Rats Subjected to 
Auditory Stimulation. McDona.p 
McCann, M.D., ALAN B. ROTHBALLER, 
M.D., Eveanor H. Pu.D., 
and Henry A. SHENKIN, M. D. (Har- 
rison Dept. of Surg. Research, Univ. of 

the Wistar Institute of 
It has been shown in pre- 
experiments that the majority 
of rats subjected to prolonged audi- 


Penna., and 
\natomy. 


vious 


tory stimulation develops an elevation 
oi blood pressure. It seemed possible 
that the experimental procedure con- 
stituted alarming stim- 
ulus increase in 
blood pituitary- 
adrenal cortex mechanism. As a step 
toward testing this hypothesis, 7 rats 
made hypertensive by prolonged air- 
blasting and a group of 4 control ani- 
mals were subjected to adrenalectomy 


a chronically 
produced the 
through a 


and 


pressure 


and subsequent replacement therapy. 
\ir-blasting of the experimental ani- 
mals was continued to prevent a fall 
of blood pressure from cessation of the 
auditory stimulus and blood pressures 
were taken frequently by the tail ple- 
thysmograph method throughout the 


experiment. Following adrenalectomy 


all the animals were maintained on 
1% sodium chloride in the drinking 
water until their pressures had sta- 
bilized at a low level. Then restora- 


tion therapy consisting of 1 cc. of cor- 
tical extract (Eschatin) intramuscularly 
per day per animal was instituted. Be- 
fore adrenalectomy the average blood 
pressure of the experimental animals 
162 mm. and that of the controls 


was 
125 mm. of Hg. On removal of the 
adrenals the blood pressures of the 


experimentals and controls fell to sub- 


APRII 


PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 


20, 1948 


normal levels, 7.e., 108 and 97 mm. of 
Hg. respectively. Cortical extract ad- 
ministration was followed by a rise of 
blood pressure to 125 mm. in the ex- 
perimental animals and to 112 mm. in 
the controls. Thus it can be seen that 
the blood pressures of both groups of 
animals dropped to subnormal levels 
following adrenalectomy. Restoration 
therapy raised the blood pressures of 
the animals to approximately normal 
levels, but in no instance was the ele- 
vated blood pressure of the rats be- 
ing air-blasted restored. These results 
are statistically significant. It is sug- 
gested that the adrenal cortex medi- 
ated the elevation of blood pressure 
occurring during prolonged auditory 
stimulation. 


Experimental Differentiation of 
Pathogenesis of Serum Sickness, Glo- 
merular Nephritis, Rheumatic Fever, 
and Periarteritis Nodosa. WiLLIAM E. 


M.D., Carotyn FORMAN, 
M.D., and JosepuH Setrrer, M.D. 
(Univ. of Penna. Dept. Grad. Path., 


Phila. Gen. Hosp., and Wyeth Inst.) 
Rabbits received 1 or 2 intravenous 
injections of 10 cc. of horse serum per 
kilo and were sacrificed after various 
intervals from 3 to 34 days following 
the first A single injection 
regularly caused round-cellular infil- 
tration and proliferation especially in 
heart and lungs closely resembling the 
lesion in human serum sickness. As 
they were present 3 days after injec- 
tion, they were interpreted as direct in 
nature. Of the animals killed after 14 
days, 44% revealed a_ proliferative 
arteritis showing all the allergic quali- 
ties recently described by Goddard. 


injection. 
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This lesion was interpreted as a de- 
layed or subacute Arthus phenomenon 
due to an antigen-antibody reaction 
during the process of fixation of anti- 
body while antigen was still in circu- 
This 


lation closely 


reaction resem- 
bled the lesion of human rheumatic 
fever Of the animals killed after a 


second injection, 50% revealed a nec 
an acute Arthus 
phenomenon due to a sudden reaction 
quantities of with 


abundant antibody previously fixed in 


rotizing arteritis, 2.¢ 


of large antigen 


the vascular tissue. This lesion was the 


that of 


were 


Same as human 


There 
glomerulonephritis, namely an 
capillary brought 
acute allergic reaction and occurring 
only atte 


periarteritis. 
also at least 2 


tvpes of 
extra- 
one about by an 
a second injection, and an 
intracapillary one, which in our ani- 
mals was seen only 14 days after a 
single 


be explained at least in part by a sub- 


injection and therefore should 


acute allergic reaction. However 


Hawn and Janeway saw it in a con 
number of animals 7 


siderable days 


after a single injection. This observa- 
tion suggests that there may be a di 
rect glomerulonephritis as well. 

{ Rationale of Salicylate Treatment 
of Experimental 


Serum Sickness. 


CAROLYN ForMAN,. M.D.. JoserpH SEIF- 
reER, M.D.. and E. EurRIicuH, 
M.D. (Univ. of Penna. Dept. Grad. 


Path 
Inst.) 


massive 


Phila. Gen. Hosp. and Wyeth 
Though the 
doses of salicylates in rheu- 
matic fever has not been established, 
it is agreed that they are toxic and 


effectiveness of 


they suppress blood coagulation, blood 
sedimentation and antibody titration. 
\s human material doesn’t lend itself 
to an investigation of this problem. 
rabbits were given serum disease. and 
some rabbits were subjected to sali- 
cylate treatment. Others received a 
drug that interfered with blood coagu- 
lation (dicoumarol). As the toxic ef- 
fect and the suppression of antibody 
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titration suggested an alarm reaction, 
antibody forming 
lymphoid cells, a last series of rabbits 
It was found that 
the rabbits tolerated a salicylate level 
200 to 300 per cc. 
This did not produce significant sup- 


e., destruction of 
received colchicine. 


of only gamma 
pression of precipitin titration or any 
of the tissue changes induced by horse 
serum, but it caused interference with 
coagulation and a significant depres- 
sion of the weight of the thymus show- 
ing that 200 to 300 gamma per cc. in 
rabbits have an alarm reacting effect. 
with 
tion and produced a considerable de- 
pression of precipitin titration, but did 
not depress the lymphoid tissues or 
the cellular 
by horse 


Dicoumarol interfered coagula- 


reactions induced 
Colchicine finally 
the 
well as of 
abol- 


any of 
serum 
marked 
the 

precipitin titration 
the 


which is generally 


caused depression of 
thymus as 
and it 
allergic arteritis 
believed to be the 
experimental equivalent of the lesion 


weight of 
also 


ished subacute 


of human rheumatic fever. These ob- 
servations seem to show that the mas- 
sive doses of salicylates used in rheu- 
matic fever have an alarm reacting ef- 
fect, and that the development of al- 


lergic arteritis may be suppressed, if 
a treatment that destroys lymphatic 
tissue is applied during the period of 
intibody formation preceding the anti- 


gen-antibody reaction that causes the 


arteritis. 


Retinal Action Potentials of Photo- 
receptor Cells and the Discharge of 


Nerve Impulses in Their Axones. 
H. K. Hartuine, M.D. (Johnson Re- 
search Foundation, Univ. of Penna.) 


Single ommatidia, containing- 10 to 15 
retinula cells with 14mm of their at- 
tached isolated in the 
compound eye of Limulus. An oscillo- 
graph and D.C. amplifier were used 
to record the slow changes in electrical 
notential between one electrode placed 


axones, were 
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on the piece of cornea to which the 
distal ends of the retinula cells were 
ittached and another electrode on the 
proximal end of the ommatidium where 


the nerve strand emerged (retinal ac- 
tion tential), Simultaneously, im- 
pulses in the nerve strand were re- 


corded by anothe amplifier and oscil- 


lograph Upon illumination, the cor- 
neal electrode became more negative 


relative to: the proximal electrode: at 


the same time impulses were dis- 
charged in the nerve strand. There 
was a rough parallelism between the 


rise and fall of the retinal action po- 
tential and the frequency of discharge 
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of impulses; different intensities of stim- 
different 


adaptation had comparable effects on 


ulation and conditions of 


both responses, Closer analysis, how- 


ever, showed that the parallelisms were 


far from exact; in many preparations 


it was possible to elicit large changes 
in the 


very 


impulse discharge with only 
slight concomitant retinal action 
potentials. It is not yet possible to 
decide whether the local currents ac- 
companying the retinal action poten- 
tial the direct 


cause of nerve im- 


may be considered 
the discharge of 


pulses by the photoreceptor cells. 
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HORMONES AND BeHAvior. By FRANK A. 
Beacu, Prof. of Psychology, Yale Univ. 
Pp. Siite! New York: Paul B. Hoeber, 
1948 Price, $6.50. 

Tuts book represents an effort to evaluate, 
in various phyla including man, the influ- 
ence of endocrine function upon behavior, 
in the light of experimental evidence. The 
literature is extensively reviewed (approxi- 
mately 750 references), but the conclusions 
quoted are sometimes so conflicting that the 
general effect upon the reader is often one of 
slight bewilderment. The behavioral re- 


sponses examined in the 14 chapters include 
those related to sexual and parental fune- 
tions, migration, general locomotor activity, 
learning and territory defense. The style 
is wordy and is not conducive to easy read- 
ing: simple and obvious points are often 
belabored—‘‘It is obvious that much of an 
animal’s behavior depends upon the posses- 
sion of a normal complement of organs and 
organ systems, well constructed and fune- 
tionally efficient effector and receptor mecha- 
nisms, the attainment of normal growth, 


ete.”’ (Page 255.) The book will probably 
be of interest chiefly to students of psy- 
chology. E. R. 


BLoop PRESSURE AND 
INCLUDING ANGINA Pecroris. By JoHN 
PiescH, M.D., formerly Prof. of Internal 
Medicine, Univ. of Berlin. 2nd ed. Pp. 
307; 125 figs. Balt.: Williams & Wilkins, 
1947. Price, $6.00. 

Tuts book represents nearly 50 years of 
work, study and thought by the author in 
the general field of circulation. It is re- 
stricted, as he states, to those matters of 
which he has personal experience, and is 
not a review. A method for graphically 
recording the blood pressure is given in 
detail, along with a careful analysis of the 
presumed significance of the recores so ob- 
tained. Indeed, herein lies the chief appeal 
to the student and investigator, who will 
find much that is stimulating. However, 
the reader is unlikely to agree with the 
author on all points, and the lack of correla- 


tion with more modern studies is undoubt- 
edly a weakness. The bibliography is not 
large, and contains more references prior to 
1920 than since that year. The book is 
recommended for libraries and for advanced 
students who already have some knowledge 
of the field. 


Tue Ru Factor tN THE CLINIC AND THI 
Lasoratory. Edited by JosepH M. 
M.D., and Damesuek, M.D. Spe- 
cial issue No. 2 of Blood, The Journal of 
Hematology. Pp. 192; 25 ills. New York: 
Grune & Stratton, 1948. Price, $4.25. 
luis volume comprises 13 presentations 

with group discussions and a preface by the 

senior editor. Thess papers were pre sented at 
the Dallas-Mexico City Rh Conference of 

November, 1946. The sy mposium concerns va- 

rious aspects of the Rh factor, including an 

excellent “Survey” by Philip Levine, discus- 
sion of “Rh Genotype s’ by R. R. Race 

London), a review of “Hemolytic Mecha- 

nisms” by Dameshek, “Variations in Erythro- 

blastosis Fetalis’ by Bruce Chown ( Mani- 
toba), and “Treatment of Ervthroblastosis 

Fetalis’” by Harry Wallerstein. The volume 

is a useful historical document and reference 

source for specialists and students in this im- 


portant, complex field 


TREATMENT OF SOME CHRONIC AND “IN- 
CURABLE” Disgases. By A. T. Topp, 
O.B.E., M.B. (Ep1n.), M.R.C.P. (Lonp. 
2nded. Pp. 324. Balt.: Williams & Wil- 
kins, 1947. Price, $7.00 
Tuts. book contains a few useful ideas, 

but it is difficult to separate them from the 

theories, speculations and opinions of the 
author. It is hard to believe that he can 
cure such conditions as diabetes mellitus, 
epilepsy, asthma, hyperthyroidism, consti- 
pation, colitis, arthritis and a host of other 
conditions by correcting the underlying dis- 
turbances, which almost invariably turn out 
to, be_ethmoid infection, duodenal infection 
and hepatic dysfunction. H. H. 
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BOOK 
PHYSICS FOR THE ANESTHETIST. By R. R. 
MackintosH, M.A., M.D., F.R.CS., 
D.A., Nufheld Prof. of Anesthetics, Ox- 
ford, and W. W. Muskin, M.A., M.B 
B.S., D.A. Pp. 235; 431 ills. Springfield, 
Il] Charles C Thomas, 1947. Price, 
$7.50 
[He authors have gathered together in 
this small volume “such applications of 
physics to anesthetics as we meet with 


during routine work.” The occasional over- 
simplification in presentation can be ex- 
of the purpose of the book, 
“supply answers to straightfor- 
ward questions.” 


cused because 


namely to 


The text is lucidly written, cleverly illus- 
trated, the format is attractive. It 
should form a valuable addition to an 
anesthetist’s library. R. D. 


and 


RECENT ADVANCES IN SEX AND REPRODUC- 
rivE PuysioLtogy. By J. M. Rosson, 
M.D.., (LreEDs), F.R.S.E., Readed 
in Pharmacology, Guy’s Hospital Medical 
School, Univ. of London. 3rd ed. Pp. 
Phila.:  Blakiston, 1948. 


D.Sc. 


336; 69 ills. 

Price, $5.75. 

Tuts edition deals more with the current 
physiologic concepts of sex and reproduction 
than with clinical considerations. Major 
is placed upon the female repro- 
The general metabolic 
sex hormones receive little 
Che book will be of more inter- 
est to students than to practitioners. 


E. R. 


emphasis 
ductive system. 
effects of the 


attention. 


Catciric DisEASE OF THE AORTIC VALVE. By 
Howarp T. Karsner, M.D., and Simon 
Kotetsky, M.D. Pp. 111; 24 ills. Phila.: 
|. B. Lippincott, 1947. Price, $5.00. 

Tis monograph presents a survey of cal- 
of the aortic valve. The authors’ 
stated purpose is to determine whether this 
is ol inflammatory or degenerative 
origin; they conclude that, with only rare e€x- 
ceptions, it is the result of rheumatic cardiac 
disease. The text is heavy with much statistical 
analysis, which is better understood as pre- 
sented in 35 Tables. Pathological anatomy is 


( ific disease 


disease 


discussed in detail, with the aid of some good 
illustrations. This work will primarily interest 
pathologists or reasearch workers in cardiac 
disease. However, clinicians might profit from 
the chapters on Clinical Features and Sum- 
mary, which comprise about the last third of 


the book. A 


REVIEWS AND 


NOTICES 717 

STEREOSCOPIC ATLAS OF NEURO-ANATOMY. By 
H. S. Rusrnstern, M.D., Ph.D., Director, Al- 
fred Ullman Laboratory for Neuro-Psychi- 
atric Research, Sinai Hospital, Baltimore, 
and C. L. Davis, M.D., Prof. of Anatomy, 
School of Medicine, Univ. of Maryland. 
Pp. 20; 43 ills. New York: Grune & Strat- 
ton, 1947. Price, $10.00. 

Tue plates of the atlas are printed on 
separate stiff cards measuring 7 by 9 inches. 
On the lower part of each card are two 
photos side by side, which are to be viewed 
through an ordinary stereoscopic viewer. On 
the upper part of each card is a labeled dia- 
gram explanatory of the pictures below. 
Accompanying the plates is a pamphlet that 
gives an outline of the methods of dissection 
of the brain used in displaying the struc- 
tures shown on the plates. The plates and 
pamphlet are contained in a cardboard box. 

The first 5 plates show developmental 
stages and are followed by 3 plates of menin- 
ges and 4 of external views. The deeper dis- 
sections shown in the last dozen plates are 
the most interesting since they display the 
skillfulness of the dissector. The authors have 
their students use the plates as the actual 
dissection proceeds and later the students use 
the plates for reference to earlier stages of the 
dissection which have been destroyed in the 
further course of the dissection. For anyone 
having some first-hand acquaintance with the 
human brain the method has great merits. 
It allows the repetition and review which 
are so important in acquiring a lasting knowl- 
edge of brain structure. At any time, with 
these plates, one can quickly refresh one’s 
memory without the necessity of specimens. 
Also the study of these plates may excite in- 
terest in the viewer to make dissections for 


himself. W. A. 


A Texrsook BACTERIOLOGY. By 
TuurMAN B. Rice, A.M., M.D., Prof. of 
Bacteriology and Public Health, Indiana 
Univ. School of Medicine. 4th ed. Pp. 
603; 126 ills. Phila. and London: W. B. 
Saunders, 1947. Price, $6.50. 

As compared with the previous edition, 
this one has an increase of 43 pages; 2 new 
chapters, 1 on antigens and antibodies, and 
the other dealing with chemotherapeutic 
and antibiotic agents; and 1 additional minor 
section in the Appendix dealing with the 
classification of microérganisms. The sub- 
ject matter is quite similar except for the 
occasional addition of new material in the 
more recent edition. H. M. 
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BOOK 


W BOOKS 


By VICENTI 
Director, Instituto Na- 
de de 

fadrid. Translated by 
M.D., Pp. 261; 104 ills. 
& Wilkins, 1948. Price, 


SANCHIS=- 
M.D.. Ass’t 


Re eau 


B 


icion Invalidos 


f Woman's Reproduct ve Or- 

N. PAPANICOLAOU, M.D., 

of Clinical Anatomy, Cornell 
il College, F. TRAUT, 
of Obstetrics and Gynecology, 
ilifornia Medical School, and 
Marcuetti, M.D., Assoc. Prof. 
und Gynecology, Cornell Univ. 
ge Pp 53: 24 ills. New York: 


Price, 


HERBERT 


nwealth Fund, 1948 
SAMUEL A 
of Illinois 
Committees 
ind the Chi- 
6 ills. Phila.: 
$5.00. 


] blems. Edited by 

M.D., Ph.D., Univ. 
of Medicine, The 
Institute of Medicine 

sociation. Pp 259; 
ypincott, 1945 


surgery 


for 


Price, 
By BER- 
Formerly Director Department 
ot “Last ind 
Downtown Hospital 
Clinic, New York Pp. 304 illustr 
York: Grune & Stratton, 1948 
Recent Progress in Hormone 
ed by GREGOR PINCUS 
Laurentian 
Pp. 427; illustrated 
Press, 1948. Price 

Psychiatry { the 
SHIRLEY, M.D 
and Psychiatry, 
Medicine. Pp. 442. New York 
wealth Fund, 1948. Price, $4.50 

Psychosocial Medicine. A Study of the Sick 
Society. By James L. Hatumay, M.D., 
D.P.H. Pp. 278. New York: W. W. Norton, 
1948. Price, $3.50. 

Heart. By Atpo A. Luisapo, M.D., Instructor 
in Physiology and Pharmacology, Tufts 
College Medical School. Foreword by 
HERRMAN L. BLumMcarrt, Prof. of Medi- 

Harvard Medical School. Pp. 653: 

Balt.: Williams & Wilkins, 1948. 

$10.00. 


Morton I. 


Reconstructive Surgery, 
American 
ted. New 
$15.00 

Edit- 
edings of the 


Vol. II. 


Academic 


and Pan- 


Price, 
> 
Research 
Proce 
‘onte rence. 


York: 


rmone ( 
New 
$5.00 
HALE F. 
Pediatrics 
School of 
Common- 


Pediatrician. By 
Assoc. Prof. of 
Stanford Univ 


cine 
352 
Price, 
Textbook of Endocrinology. By Hans SELYE, 
M. D., Ph.D. D.Se. (McGill), 
F.R.S. (Canada). Preface by BERNARDO A. 
Houssay. Pp. 914; illustrated. Montreal, 
Canada: Universite de Montreal, “Acta En- 
1947. Price, $12.80 plus 


Prague), 


de ycrinologic a”, 


mailing charges. 


AND NOTICES 


‘NEW EDITIONS” 


Diseases of the Skin. By Otrver S. OrnmsBy, 
M.D., Rush Prof. of Dermatology Emeritus, 
Univ. of Illinois, and HAMmTON MONTGOM- 
ery, M.S., M.D., Ass’t Prof. of Dermatology 
ind Syphilology, Mayo Foundation, Univ. 
of Minnesota. 7th ed Pp. 1465; 764 ills., 

18 in color. Phila Lea & Febiger, 1948. 

$18.00. 

Pathological Histology By 
Ocriviz, M.D., F.R.C.P. 
Lecturer in Pathology and 
rensic Medicine, Univ. of 
ed. Pp. 459, 260 ills 
liams & Wilkins, 1947. Price, 

(ne third edition, « 
textbook of patl 

deserve the emin 

cessors. While it maintains the plans and 
purpose of the previous issues, the author 

The illustra- 

tions have been improved both by sub- 


Price, 
ROBERTSON F. 
Edin. ), F.R.S.E., 
Assistant in Fo- 
Edinburgh. 3rd. 
Balt.: Wil- 
$10.00 


in color. 


a stand- 
to 
ittained by its prede- 


mpanian to 


iology, continues 


ard 


nce 


1 


has largely rewritten the text. 
stitutions and additions. The new subjects 
and plates materially extend the range of 
The book is 

ommended to students and interested phy- 
sicians desiring a quicker view of pathologi- 
cal histology. H. B. 

General Practice. By Harry 
M.D., Prof. of Pharmacology, 
| of Medicine. 6th ed. 
1948. 


pathological processes rec- 


Treatment in 
BECKMAN, 
Marquette Univ. Si 

1129. Phila \\ 

$11.50. 

IN ORDER to keep abreast with the newer 


B. Saunders, 


Pp. 
Price, 
developments, this new edition appears 
two and one-half 
years. The material is presented as in for- 
and often 
whimsical style, approaching management 
of disease from the practical as well as the 


after an interval of only 


mer editions in the author’s ters¢ 


scientific point of view. A number of new 
sections have been added, notably one on 
reactions to penicillin. The bibliography 
is well chosen with many references from 
recent The book is an ex- 
cellent starting point in treatment for in- 
ternists as well as general practitioners who 
will find it useful and worthwhile. E. L. 
Poisons, Their Isolation and Identification. 
By Frinx Bamrorp, B.Sc., Late Director 
of the Medico-Legal Laboratory, Cairo. 
Revised by C. P. Stewart, M.Sc., Ph.D., 
Univ. of Edinburgh. 2nd ed. Pp. 304; 28 
ills. Phila.: Blakiston, 1947. Price, $5.00. 
“Tue product of a practical, highly skilled 
specialist in toxocological analysis . . . it 


very literature 


can be recommended with complete confi- 


dence to all those whose work entails such 
analysis.” 
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PYRIBENZAMINE in a NEW form ve 


DELAYED ACTION 


TABLETS 


FOR NIGHT-LONG ALLERGIC RELIEF 


Many allergic patients may now receive symptomatic relief 
throughout the night. Delayed action tablets of Pyribenzamine are 
protected by a special coating so that the drug is not released 

for absorption until approximately the time an uncoated 

tablet ceases to be effective (4 to 6 hours). Sufferers from 

hay fever, urticaria, or atopic dermatitis can usually 

obtain night-long relief by taking one uncoated tablet of 


Pyribenzamine with one delayed action tablet at bedtime. 


Pyribenzamine; scored tablets 50 mg., elixir 5 mg. per cc. (Council Accepted) 


@ Pyribenzamine delayed action tablets 50 mg. (Not Council Accepted) 


Ciba 


PYRIBENZAMINE (brand of tripelennamine) Trade Mark Reg. U.S. Pat. Off. 


EN CIBA PHARMACEUTICAL PRODUCTS, INC., SUMMIT, NEW JERSEY 
2/1373M 
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